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Clippings from a recent issue of “Water 
Works and Sewerage” tell their own story. 


Years of trouble free service such as that 
recorded by Mr. Strowbridge of Dundee, 
justify this constant selection of W&T Visible 
Vacuum Chlorinators for both Water Works 
and Sewage Disposal plants. Your purchase 
of W&T equipment will prove equally as 
satisfactory. 


Two new Visible Vacuum Chiorinators — designed 
especially for the smaller plants—ore described in 
Technical Publications 157 and 158; the type “O” 
feeders in T.P. 97. You may have any, or oll, of 
these pamphiets for the asking. 


WALLACE & TIERNAN CO. 


INCORPORATED 


Manufacturers of Chlorine and Ammonia 
Control Apparatus 


NEWARK, NEW JERSEY 
Branches in Principal Cities Main Factory: Belleville,N.}. 
“The Only Safe Water is @ Sterilized Water” 
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A METER DEPARTMENT RESEARCH LABORATORY 
he By H. W. Niemeyer, Indianapolis Water Company 
fer 
F. Lepo, Public Service Commission of Indiana 


G. Horsrman, Public Service Company of Indiana 

Although meterage has not been universally adopted, it is so gen- 
erally used that its merits are indicated without question. Where 
the public water supply is limited, it is vital to the conservation of 
that supply. Where the cost of production and distribution is high. 
it is an essential factor in the economic operation of that plant. And = 
in all cases it furnishes a basis for the establishment of equitable 
rates. However, the function of the meter is dissipated in under- 
registration, and the advantages of meterage are only fully realized 
when the amounts of water registered by the meters are equal to the 
amounts that have passed through them. 

As unrecorded water by meters in a large measure is a result of 
control by the plant operator, the need for a laboratory to exercise 
this control is thus evidenced. Because unrecorded water by meters 
is an unknown part of that amount which is pumped into the distribu- 
tion system, it therefore becomes necessary for the laboratory first 
to determine with some degree of accuracy this amount of water 
before it can control it. Refer, if you will, to page 429 of the Manual 
of Water Works Practice issued by the American Water Works 
Association: 
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“Under the item of unaccounted for water, in cities where all services are 
metered, it is seldom possible to account for more than 70 to 80 per cent of the 
water delivered into the distribution system. On an average, it is found 
that the summation of all individual meter readings do not equal, for g 
given period, more than 75 percent of the reading of the master meter through 
which all the water is delivered into the distribution system.”’ 


From this report it can be taken that an average of 25 percent of 
the water pumped into a distribution system is “lost.” The pre- 
requisite function of the laboratory is to determine what part of this 
“lost”? amount can be properly allocated to inefficiencies of the meters. 

One method is to determine the rates of flow at which water is 
passed through meters and then test the meters for accuracy at points 
typical of those rates. The actual amount of water that is recorded 
by the meters in service in relation to the amount that has passed 


TABLE 1 
RATES OF FLOW 
AT WHICH PERCENTAGE OF i 
USE OF TOTAL CALCULATION 
| QUANTITY USED Test points Accuracy, 
in g.p.m. percent 
Less than 4 30.0 0.25 75.0 0.30 X 75.0 = 22.5 
to 1 20.0 0.75 99.0 0.20 X 99.0=19.8 
lto 5 40.0 3.0 101.0 0.40 x 101.0 = 40.4 
5 to 10 10.0 7.5 100.0 0.10 X 100.0 = 10.0 


through them can then be determined by taking a weighted average 
of the accuracies at the various rates of flows based on the percentage 
of the use of water at those rates to the total quantity used. In order 
to indicate this method of computation, the illustration in table 1 
is used, percentages being assumed. 

The test point of } gallon per minute is approximately that rate of 
flow obtained through a 45-inch orifice, and it is the general practice 
of most utilities to omit this test point except for special purposes, 
registration only being required on that size stream. In averaging 
the accuracy of a meter, only the larger size streams are considered. 
In the above case, the accuracies on the 3 larger size streams would 
be added and the sum divided by 3, with a resulting average showing 
100 percent. Yet in service under demand conditions, such as those 
used in the above illustration, this 100 percent meter is shown to 
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allow 7.3 percent of the water to pass unrecorded, so it becomes impor- 
tant that test points cover rates of flow that meters ordinarily operate 
at in actual service which should include the }-g.p.m. rate. 

Although, so far as we know, there is no simple instrument on the 
market at present which will give a direct reading of “demand”’ for 
small flows of water, there are some types of rate recorders available 
which have allowed studies to be made. As early as 1918, Caleb 
Mills Saville devised such an instrument and conducted a series of 
tests. He summarized his findings in a paper entitled “The Selection 
of Meters,” reported November 13, 1918. His statement of results 
is given in part: “The bulk of the use of water in private houses of 
class here noted is apparently at a rate from 0.5 to 1.0 gallon per 
minute.’”’ More recently, H. W. Grinswold and W. A. Gentry of the 
Water Bureau, Hartford, Conn., conducted a series of tests and re- 
ported to the New England Water Works Association in 1933, that 
in houses equipped with tank toilets, 27 to 50 percent of the total 
amount of water is used at rates less than 1.0 gallon per minute and 
that from 33 to 78 percent is used at rates less than 2.0 gallons per 
minute. In houses having flushometer toilets, the percentage is 
somewhat less and ranges from 10 to 33 percent for rates less than 1 
gallon per minute and from 20 to 55 percent for rates less than 2 
gallons per minute. These later findings coincide with those of Mr. 
Saville, and both prove the importance of meter accuracies on 
small flows. 

Yet we find that specifications for new 32-inch meters which allow 
a 2 percent variation from perfect on test flows of 1 gallon per minute 
or more, require a registration of only 90 percent for a minimum test 
flow of } gallon per minute, which rate is apparently one that sup- 
plies a goodly part of the water used for domestic purposes. If we 
require no better registration than this for meters now, what are we 
to expect from them after service? The laboratory has no small task 
ahead of it to carefully analyze its requirements in meters by deter- 
mining average rates for typical classes of service. A 24-hour 
demand chart for a high school of 1,200 students is shown in figure . 


to illustrate the type studies that should be made for all classes of 
domestic, commercial and industrial users. Such studies will allow 
the meter to be properly sized and determine actual accuracy of the 
meter in service. 7 


A second method that is available for determining the amount : a 
of unrecorded water passing through meters is much more simple 4 : 
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than the study of rates of flow. It is to construct a master meter of 
100 percent accuracy on all flows and place it in a service line in 
series with a meter desired to be tested, observation being made of 
the difference in recordings of the two meters. (For the purpose 
of constructing a master test meter, there is now on the market a 
device which can be attached to a standard meter to make it as 
accurate on the smaliest as on the larger flows.) Tests already com- 
pleted using such methods have given interesting and indicative 
results. A group of meters of different age and condition were all 
placed in series with such a master meter on a service that supplied 


300 
A DEMAND STUDY 
FOR 
A HIGH SCHOOL OF 1200 STUDENTS| 

» 250 TOTAL 24HR. DEMAND = 46,275 GAL. 
3 MAXIMUM DEMAND = 250 G.P.M. 
5 MINIMUM DEMAND = 12 G.P.M. 

AVERAGE DEMAND = 32 G.P.M. 
« ¢ 
W 200 RATE PERCENTAGE OF RATES 
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A.M. TIME OF DAY P.M, 


5 tank toilets, 7 lavatories, 1 drinking fountain and 1 hose bibb. The 


monthly consumption through this service by the master meter 
averaged 2,300 cubic feet. The accuracies of each meter at various 
rates of flow were determined before and after the service test. The 
amounts of unrecorded water that passed through the various meters 
as compared to their test point accuracies are summarized in table 2. 

The results again indicate the amounts of unrecorded water pass- 
ing through meters in relation to their accuracies on flows less than 
one gallon per minute. If the demand on the service used for test 
can be taken as typical and the average accuracies of all meters in 
- service for test points are known, then the amount of unrecorded 
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water to be charged to inefficiencies of meters can be estimated. 
From the above data, it is evident that this amount varies with the 
type and age of the meter. The trend of accuracies with age of 
meters of one type and under a one condition is further shown by 
results covering tests of 824 3-inch meters, all with the open gear 
trains. ‘The meters which had all been in continuous service suffi- 
ciently long to register 100,000 cubic feet are grouped in age sequence 
in table 3. 

Although the oldest group tested within the 2 percent allowed 


TABLE 2 
| ACCURACTES OF METERS BY STRESS RATE | VNEE- 
OF FLOW IN G.P.M. enc 
mereR| TIMEINTEST | WATER FOR 
PERIOD IN 


15.0 7.0 3.0 0.7 0.17 PERCENT 


Before test | 100.0) 100.0) 101.0; 97.0} 92.0 
After test | 102.5] 102.5) 103.0] 101.0, 97.0 


1 1 year 
Before test | 99.0} 100.0} 101.0) 100.0) 94.0}, 
6.1 


2 32 weeks After test 101.0} 101.0) 100.5} 100.0} 75.0 }; 


. 4 weeks {| Before test | 99.0) 100.0) 100.0) 98.0) 15.0 \ 
After test 99.0} 100.0} 100.0} 97.0} 0.0 |; 

‘ Before test | 99.0} 98.0) 97.0} 90.0} 0.0 |) 
After test 99.0} 98.0} 97.0} 81.0} 0.0); 


Meter No. 1 was new of the oil enclosed gear type of make A. 

Meter No. 2 was new of the open gear type of make B. 

Meter No. 3 was a 7-year old meter of make B with open gear that had been 
in continuous service since purchase and had been placed on test without 
repair. 

Meter No. 4 was a 20-year old meter of make B with open gear that had been 
in continuous service for 6 years before test and had not been repaired. ‘ 


variation from perfect for the streams larger than 1 gallon per minute, 
it is calculated that they were under-registering as much as 17.3 
percent of the total flow through them in service, which is certainly 
far from desirable performance. 

The preceding data have been submitted for demonstration only 
as each utility has different conditions and different meters; each has 
its own field work to do to establish its particular loss. It should, 
however, suffice to show that from 5 to 10 percent of the total input 
into a distribution system can be generally estimated as lost because 
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of the improper operations and limits of the meters and sufficient 
for us to gauge possible improvements in meter registration. One 
has only to convert this percentage into terms of revenue to deter- 
mine the value of meter research work. Furthermore, it is vital to 
the elimination of unfair discrimination among customers that all 
meters register accurately singly as well asin groups. 


THE FUNCTION OF THE LABORATORY 


The function of the meter laboratory has so far been set up as the 
determination and reduction of unrecorded water through meters. 
Another purpose is shown when one considers that maintenance of 
meters of a fully metered system is one of the largest items of dis- 
tribution expense. The laboratory can, through studies of testing 


TABLE 3 
AVERAGE | AVERAGE ACCURACY BY STREAMS RATE OF | CALCULATED 
AVERAGE TIME IN FLOW IN GALLONS PER MINUTE 
TESTED ING AT TIME 
YEARS 8.0 3.0 0.7 
269 4.9 2.9 100.4 99.9 93.6 79.6 5.4 
476 8.8 6.2 99.3 98.8 92.4 71.0 8.0 
45 13.1 6.8 102.2 97.4 90.8 63.9 10.2 
34 20.6 5 pes 99.7 98.0 77.8 41.0 17.3 
824* 5.1f 99.87} 99.2T 92.1t 72.3T 7.9t 


Averages. 


and repair operations, cost analyses, and observation of the per- 
formance of materials, reduce the cost of maintenance to a minimum. 

To function as it should, the laboratory should be designed to meet 
~ loeal conditions, but in all cases it should have complete records 
- available, a trained personnel, and adequate equipment. Whether 
’ the utility be large or small, its meter department should have a 

thorough knowledge of its meters’ accuracies and possibilities. To 
obtain this knowledge, the department should have accurate and 
adequate testing equipment. It should include a mercury manometer 
for pressure loss studies, a “demand” recorder for determination of 
rates of flows so that test points used in the shop will be at ‘“used” 
flows through the meters, and accurate equipment for testing. Test- 
_ing equipment should not only include perfect means of water meas- 


| 


VOL. 26, NO. 7| METER DEPARTMENT RESEARCH LABORATORY 


urement either by volume or weight, but should also provide accurate 
means of reading the meters in test. That is, special test registers 
should replace the regular recording registers that will multiply the 
size of the test dial sufficiently so that the starting and stopping 
points are readily determined. Repair equipment in no instance 
need be elaborate. Many meter departments prefer to return the 
meter to the factory for repair, but it is felt that, whenever possible, 
it is better for the utility to make its own repairs to meters so that 
a more thorough knowledge of them may be had. 

The heart of the meter is the measuring chamber; the remainder 
of the meter is merely the mechanism that records what the chamber 
has measured. A reduction of friction in the recording mechanism 
is necessary to the elimination of thrust on the dise piston. The 
error in measurement occurs in the chamber as a result of slippage 
by the disc piston. To hold the measurement error to a minimum, 
it is necessary that close tolerances be maintained at the three 
leakage points, namely, between the edge of the dise piston and 
chamber side, the ball and the socket, and the ball and the diaphragm. 
More important to the maintenance of these tolerances than tools is 
the training of the laboratory personnel. Accuracy is far more 
important than speed in this department, and the men must have 
a thorough knowledge of meters and their maintenance. Agny* 

Records 

Equally important are meter records. No laboratory can study 
or compare the results of its work without recording its every activity. 
As necessary as a complete history file is the record of daily operation 
and costs. Periodic summaries of tests and operation should then 
be made. 

The functions of the laboratory have been given, but what are the 
objects of the research work that will lead to a reduction of lost 
water? They may be listed asfollows: = 

1. Selection of meter to be used od? 


_ 2. Proper sizing of meters for service _ 
wally, Proper maintenance of meters 


4. Codperation with manufacturer in development of meters _ 


SELECTION 


i Too many utility operators are prone to make their selection of x 
meters on the basis of first cost only, losing sight of accuracy and 
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maintenance cost and other items of equal importance, the lowest 
bidder getting the business. There are a large number of satisfactory 
meters on the market today, but before buying, the purchaser should 
be assured of: 
1. Accurate registration that will be retained with long service 
2. Sufficient capacity without excessive loss of head 
3. Low maintenance cost resulting from durable materials and 
Jaci} ease of repair 
_ 4. Uniformity in accuracy coming from precision workmanship 
5. Manufactured by an established company so that replace- 
tude ment parts are assured 
6. Reasonable cost both new and for parts 
The selection can only be made by comparative tests over a long 
period of time in actual service, these tests to include actual accuracy 
in service as well as at test ‘‘points.”’ 
_ Although the dise piston type meter is the most practical for sizes 
up to and including 2-inch, the current type is more servicable for 
sizes of 3-inch and larger and in some cases the 2-inch. Because the 
large meter is not sensitive to small flows it is necessary to bypass it 
_ with a small meter on services where varying rates are encountered. 
For example, it has been found that a compounded 2-inch meter will 
“nick up” the 3 to 8 percent of water usually lost by an ordinary 
2-inch disc meter on services to large apartment buildings and at 
the same time gives quieter operation. The selection of type of 
meter becomes as important, therefore, as the selection of make. 
Generally there is a tendency to oversize the meter with the “Rule 
si of Thumb” being applied. In practically every city, also, the utility 
bases its minimum charge on the meter size, and in so doing, gives 
the customer jurisdiction over the meter sizing. It should be borne 
in mind that the smallest possible meters that can be used without 
noticeably affecting the service rendered will give the most accurate 
- recordings and the lowest possible maintenance cost (providing meter 
_ is not overworked.) Varying distribution pressures do not allow 
- set rules for meter sizing so that each utility must establish its own 
standards. No better method presents itself than the use of a rate 
of flow recorder for studies. Every plant operator should make this 
need for such a device known so that a simple ‘““demand”’ recorder 
will be made available. Furthermore, pressure loss studies for flows 
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through various makes, types, and sizes of meters with a mercury 
manometer is necessary to the proper sizing of meters. Maximum 
deliveries with open flows is not sufficient. 
In order to illustrate the results of careful meter sizing control, 
sizes used in Indianapolis will be given. The supply which is fully 
metered, with the exception of fire protection and city service, was 
distributed during 1933 to the following uses: 49.8 percent for domes- 
tic, 1.3 for public, 20.9 for commercial and 28.0 percent for industrial 
purposes. ‘The supply was recorded by 70,200 meters, of which 96.9 
percent were of the §-inch size and only 3.0 percent of {- to 2-ineh 
sizes inclusive and 0.1 percent of 3-inch and larger sizes. The number 
of 3-inch and larger meters had been held down through the use of 
battery settings where two smaller meters were set in place of a 
single large one. Battery setting has been found advantageous in 
that it allows repairs to be made to one unit while service is con- 
tinued through the other and at the same time allows lower mainte- 
nance costs. During 1933, 86 percent of the water pumped in the 
distribution system of Indianapolis was accounted for by meters. 
Of the 14 percent that was unmetered, 6 percent was allocated to 
inaccuracies of meters, with } to 1 percent being charged to flushing; 
2 percent for city uses such as fires, street and sewer flushing; 3 percent 
to service and distribution main leaks and 2} percent remained 
unaccounted for. Meter sizing has played an important part in this 

The dise piston type meter which has been generally standardized 
by American water companies is basically the same as the original 
design years ago. Metallurgy, closer tolerance between working 
parts effected through the standardization of tooling operations, and 
the encasement of the intermediate gear train in oil, have been the 
improvements made until the meter of today is a comparatively 
stable and accurate device. Because they are not positive, however, 
certain disturbing elements of both local and general nature tend to 
affect the accuracy of them with varying extents. Mineral or organic 
deposits, the intrusion of sand, wear, galvanic action, hot water, and 
frost are the agents of under-registration. Their effects vary with 
the types of meters and local conditions. Only few utilities are 
fortunate enough to have all of the newest type of meters in service, 
so that maintenance becomes a weighty problem for the operator. 
Aside from non-registering meters, when should a meter be re- 
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paired? Periods of maintenance can best be determined through 
tests. In localities where sub-freezing temperatures are encountered, 
it becomes necessary to remove the meter on every service discon- 
nection to prevent damage to the meter. It is to the advantage of 
the utility to test every vacant meter removed before it is replaced 
in service, because in this class of meters, as many as 12 percent have 
been found to be registering below desirable accuracy limits. 

For that class of meters which remain continuously in service, all 
have agreed that at some point maintenance work should be done. 
This point may be determined by the length of time in service, by the 
amount of water passed through the meter, or by a combination of 
both. Many utilities, rather than set fixed periods, prefer to test 
the meters regularly in the field on small flows to determine if mainte- 
nance is required. This testing procedure is made in reference to 
small meters. It is not economically possible to bring 3-inch and 
larger meters into the shop for test and maintenance, so that specifi- 
cations for large meter installations should require test tees on the 
meter outlet with the proper valve arrangement. Many new large 
meters carry a test outlet in the casing body so that field tests can 
be made. Certainly this maintenance period is going to vary for 
different quality or types of meters, and will also depend on the con- 
dition of the supply, so that the laboratory has no small duty in 
_ determining the economical length of service between maintenance 
work. Coupled with the determination of economical maintenance 
is the question of meter retirement. There is an age when it becomes 
more economical to replace the meter than to add additional new 
_ parts. Accurate cost studies are the only solution to this problem. 

In maintaining its meters, what recommendation can be made by 
the laboratory to the repairman? Although these recommendations 
will come as a result of constant studies, there are several mainte- 
nance items worth considering. 

Table 2 quite clearly demonstrates the better performance of the 
meter with the oil enclosed gear train over the one with the open 
type as represented by meters 1 and 2. To show additional proof 
| of the effect of enclosing the gear train in oil on registration, ten new 


meters, all of the open gear type, that had been in continuous service 


- for 1 year were tested. The open gears were then replaced with the 
oil type without disturbing any other part and the meters were then 
retested at identical test points. The results are given in table 4. 

Although the accuracy was increased 1.4 percent at the 3.0 gallon 
rate, it was changed to 4.7 percent on the small stream. The use of 
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the oil gear will also reduce wear on the dise piston by decreasing 
thrust that is the result of friction. Even though it would not be 
considered economical to bring a meter into the shop for conversion 
of the gear, it is recommended that when it does become necessary 
to replace a worn or broken open gear, to do it with an interchange- 
able oil enclosed type. It may be necessary in some cases to regear 
(change gears) the meter to keep it within the 2 percent limit. How- 
ever, it is pointed out that, although a meter may over-register 2 or 
3 percent on the stream larger than 1 gallon per minute, the meter in 
all probability will under-register the total flow in service as has been 
shown by meter number 1 under table 2. 

Most meter repair shops spend a great deal of time cleaning the 
internal parts of a meter, some by solutions and others by buffings. 
It is suggested that in many locations it will be found that the loose 
deposits can be removed by washing and that the hard deposits are 


TABLE 4 
Jan Y Nok! ACCURACIES OF METERS BY STREAMS, 
RATE OF FLOW IN G.P.M. 
10.0 7.0 3.0 0.7 0.17 
101.2 | 100.9 | 101.1 | 97.6 | 86.0 
After change to oil gear.............. 101.0 | 101.4 | 102.5 | 99.9 | 92.7 
Increase in percent................... —0.2 0.5 1.4| 2.3 4.7 


not sufficient to interfere with or alter the accuracy of ameter. Much 
time can be saved by eliminating this cleaning of meters. 

The use of the “‘split ball” or 3 piece dise piston is considered as an 
economical means of maintenance. It is then possible to replace 
either a ball set or dise plate as necessary at a cost saving without 
discarding the entire piston, or to compensate for wear in the ball 
socket by placing shims under each side of the ball set. Pistons 
thus shimmed can be refitted by grinding them in the chamber with 
a water mixed grinding compound. The shims can be cut from paper 
quite rapidly by using adie. An especially devised clamp for holding 
the chamber while the piston is being ground is a time saver. 

Galvanic action calls for the use of like materials or materials 
coated with a common metal. The use of uncovered iron with brass 
is not at all advisable. Iron casing bolts are a source of trouble 
because of corrosion and when replacement is necessary bronze bolts 
are recommended. The common hard red gasket paper supplied for 
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use between flanges has been found to be a source of trouble because 
it adheres to the casing flanges after service and is most difficult to 
remove. There are at least two national composition gasket mate- 
rials on the market that may be obtained factory cut for popular 
meters that do not stick to the meter surface and at the same time 
are compressible 40 percent which will allow for slight irregularities 
in the flange such as those that exist after a frozen meter has been 
reshaped. 

For those makes of meters on which an adequate drain opening 
has not been provided in the register cup, it is suggested that a new 
hole at least 3s-inch in diameter be drilled. This precaution is 
advisable so that in case the original drain does not function, water 
will not rise above the level of the register which would result in 
corrosion. Because the present type of stuffing box is a continuous 
source of annoyance where a basement setting of the meter is used, 
the manufacturer should either improve present packing materials 
or adopt a packless type box. 

Functions of other departments which are reflected in the amount 
of unacccunted for water which are of concern to the meter labora- 
tory are briefly noted here. They are: efficient meter reading and a 
guard against the theft of water. The service department can pro- 
vide no better insurance against illegal use of water than durable 
and tamper-proof seals for both the meter register and the setting. 
The removal from service of non- or under-registering meters is, of 
course, dependent on the efficiency of the meter reader. At the 
same time both the meter reading and service departments must be 
constantly on the alert to catch by-passed meters, service on without 
contract, or non-appearing service leaks. 

The utility is the proving ground for the manufacturer. The 
maker can never hope to duplicate actual service conditions in factory 
tests so that the meter laboratory can, if it will, play a very impor- 
tant part in meter improvement. Continued observation of per- 
formance, careful studies, and reliable records will form a basis for 
coéperation between the maker and the user which will result in 
progress. Perhaps complete meterage is not old enough, but we feel 
that the utilities have lagged behind the development of the water 
meter; that they have been slow to realize the value of research work. 
Or has the operator been satisfied with the performance of his meters? 
Dissatisfaction is necessary to improvement, and we feel that there 
is yet ample room for improvement in meter registration. 

(Presented before the Indiana Section meeting, April 12, 1£34.) 
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INSERTING GATE VALVES IN WATER MAINS UNDER | 
me PRESSURE ul wea tqooxe 
By CuaRLES STREITHOF 
(General Superintendent, Department Of Water Works, 
Evansville, Ind.) 


The first water works of Evansville, Indiana, was built in 1873. 
Like so many water plants built about that time, not much thought 
was given to the sizes of pipe and the number of valves that should 
be installed with the pipe. Closer inspection of old records reveal 

that only a few valves were used, the distance being from 2,000 to 
3.000 feet between valves on 10- to 12-inch lines. On smaller sizes 
the distance was 1,500 to 2,000 feet. 
Later in 1895 when larger lines were layed, such as 20-, 24-, and 
30-inch the distance between valves were on 20-inch lines 1,500 feet, 
24-inch lines 2,600 feet, and on 30-inch lines 3,600 feet apart. 
_-' The survey also revealed that after the present pumping station 
as in service in 1901, more attention was paid to the laying 


1914 and 19l5a pt inspection of the water pipe distribu- 
1 ze — was made, which at that time —— of 115 miles of 


was iiaite on distance between valves and the territory which would 
be affected, if the valve would have to be closed. 

A map was made of the distribution system on which the different 
’ _ Gines of pipe, number of valves, and fire hydrants with or without 
_ valves were shown. We then marked on the map with red ink, 
_ where additional valves should be placed so as to cut down the spac- 
ing, and give the best service in any one district. We then submitted 
our report to the Water Works Trustees, and we were very glad to 
be granted about half of the amount of money we asked for. 

We first started out to shut down lines and install double hub 
valves, sometimes two and three in one shut down, but on account 
of the large territory out of water and the danger of fires this method 
was abandoned. The Water Works Trustees again appropriated 
enough money for purchasing a valve inserting machine for 4-, 6-, 
and 8-inch size valves, and to contract for a few larger size valves. 


This wa in tl e / a 
vas done in the summer of 1917 yoult, 10 bib 


se 
to 
e- 
aur 
aS 
n 
ig 
4 
is a 
n 
Is 
, 
t 
21 
f 
4 


832 CHARLES STREITHOF [J. A. W. W. A, 


As the funds were running short during the war time, and on ac- 
count of the low water rate, and high price of material, the work of 
installing valves was ended, and no additional valves were installed, 
except in new lines, until the summer of 1933. However, I am 
pleased to say that on all pipe lines which were built since 1914 of 
sizes of 6 and 8 inches we placed valves at each street intersection at 
about 350 feet apart in each direction. On 12- and 16-inch mains, 
650 feet to 700 feet spacing was carried out with valves on all branch 
lines leading from larger mains. 

During the summer of 1933 there were inserted under pressure, two 
30-inch, one 24-inch, two 20-inch, four 16-inch, five 12-inch, two 10- 


TABLE 1 


_ The cost of labor and material for inserting valves in 1917 was as 


follows: 
For two 20-inch, four 16-inch, three 8-inch and thirty-five 6-inch 
_ Labor, lead, yarn and valve boxes.....................-.ee0--. 1,603.85 


_ The cost of labor and material in 1933 was as follows: 


Material furnished by the Water Department such as: 
Lead, yarn, man-hole covers, bricks and. cement............. 459.72 


inch, five 8-inch, and fourteen 6-inch valves. This contract was 
placed with the A. P. Smith Manufacturing Company of East Orange, 
N. J. who furnished the inserting machines and one operator, for 
inserting the valves under pressure for sizes from 10- to 30-inch. The 
_ smaller machine had been purchased by the Water Department, and 
is operated by the Water Department crew. 

The average time for inserting the 30-inch valve was about 16 
working hours, and for the 20- and 24-inch valves about 8 to 10 
. oad _ working hours. That however did not include the digging or the 

back filling of the holes. During the entire time no interference 
= was made with the water service and the amount of water wasted 
did not exceed two or three barrels for the large sizes. | On the 6- 
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and 8-inch valves the time was cut down to one, two and three valves 
per day, with a crew of five men at the machine, but not including 
the digging or back Siting. 

At present the water distribution system contains 214 miles of 
water mains from 4- to 30-inch in size. There are not many 4-inch 
pipes in the system as these have been replaced with large pipe. 
There are 3,992 vaives of various sizes, 4- to 30-inch, 1,467 fire hy- 
drants with 6-inch branch and 6-inch control on each hydrant, 22,134 
services from 1- to 6-inch, 21,637 meters from 0- to 6-inch in sizes 
and 96 automatic sprinklers. 

The average valve spacing now in the city, in residential and manu- 
facturing districts, is 550 feet, and in the congested district 700 to 900 
feet. This is caused by the watermains being under the street car 
tracks, and the inserting machine could not very well be used. Water 
mains outside of the city limits are provided with valves every 600 feet 
on 6- and 8-inch lines. However, the 20- and 24-inch lines which 
leave the City at the North side to the Reservoir valves are installed 
about every 2,500 to 3,000 feet. 

A 20 million gallon reservoir seven miles north from the main pump- 
ing station at an overflow elevation of 177 feet above the pump floor 
is connected direct to the distribution system, which is able to supply 
the city with 50 pounds pressure should the pumps at the main sta- 
tion be shut down. Under todays condition the supply in the reser- 
voir will be able to furnish the city with water for two to three days. 
The inlets through two 24-inch lines at the height of 18 feet above 
the bottom of the reservoir are provided with check valves and are 
laid along the side of the reservoir. The outlet is 30-inch and is laid 
in the center at the bottom to a 30-inch header, supplying the 20- 
and 24-inch lines over separate routes to the city. 

The reservoir is provided with a Esterline and Angus water level — 
recorder with the recording instrument set at the main a ar 
station. 

Two high districts one north and one west of the city are supplied 
with water through booster stations and a 100,000 gallon tank in each 
district. There is connected to the two booster stations 103 miles 
of 6- and 8-inch pipe and 39 fire hydrants. The system is connected 
directly to the general distribution system, and is separated only by - 
check valves. 


(Prese ented before the Indiana Section meeting, April 11, 1934.) 


7 
. 
A. 
> 
of 
n 
if 
t 
vel 
h 


INSTALLATION AND MAINTENANCE OF FIRE HYDRANTS 


tv A. Srorms anpD C. H. BeckeR 
(R. D. Wood Company, Philadelphia, Pa.) 
iT 


In preparing this paper on maintenance of fire hydrants, I have 
taken into consideration several things that at first may appear to 
have nothing to do with the actual maintenance methods or costs 
in keeping fire hydrants in first class operating shape. 

The future cost of maintenance of fire hydrants will depend, how- 
ever, in no small degree on the care that is used in the original order- 
ing and setting of the hydrant. Therefore, I am devoting the first 
part of this paper to ordering and setting of the hydrants and hope 
that it will prove of some value. 

The manufacturers frequently find that water departments do not 
exercise the proper care in writing orders, and that many necessary 
details are lacking. If a rush shipment is necessary these details 
are sometimes passed over, or guessed at, so as not to have any delay 
in the shipment of material. In the case of an old customer, most 
manufacturers of course have the records of previous shipments so 
that they can look through their files and secure any missing informa- 
tion in very short order. But in the case of a new customer or some 

_ particular standard that differs from previously furnished materials, 


=) INSTALLATION AND CARE OF FIRE HYDRANTS 


- The fire hydrant is the vital link between the fire apparatus and 
_ the water in the mains. W ithout it, the finest equipment and the 
most adequate water supply are of little value in protecting property 

7 . _and lives. Therefore, the business of choosing the type and make of 

_ hydrant, its proper installation and care is of great importance and 
should be the subject of thorough study and careful consideration. 
Like the fireman, the hydrant must be ready to go into action in- 
___- stantly any hour of the d: 
_ water on a fire often causes thousands of dollars romenr and some- 

times even loss of life. The 
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In general, there are two distinct types of fire hydrants, the com- 
pression type and the gate type. 
The gate type, as the name implies, operates on the principle nf 
a gate valve where the valve disc slides vertically to open and close 
the port. 
The compression type may be divided into two classes, those open- 
ing against the water pressure and closing with the pressure, and the 
others operating exactly the opposite. The compression type, closing — 


with and opening against the water pressure is the more widely used. 


ORDERING i 


When ordering fire hydrants, especially from manufacturers who _ 


have no previous record of the standards in use in your particular q : 
community, a great deal of delay and misunderstanding can be 
avoided if full information concerning the details of the hydrants is i 
furnished with the original order. This information should include: _ 

(1) The size of the hydrant. Considerable confusion exists con- 
cerning the proper designation of the size of fire hydrants. The 
generally used and proper method of designating hydrant sizes is by 
the net diameter of the valve opening, regardless of the size of the _ 
barrel or the pipe connection, or the number and sizes of the nozzle _ 
connections. There are four standard sizes, 4-, 43-, 5- and 6-inch. 

(2) The length of the hydrant. Some confusion exists concerning 
the proper designation of the length of hydrants. Various terms such 
as length, bury, cover and depth of trench are used. Thelengthofa _ 
fire hydrant is the depth of the trench in which it is set, and thisis __ 
the distance from the finished ground surface to the bottom of the _ 
connecting pipe. The word “bury” is confusing and should not be 
used. The use of the word “cover’’ meaning the distance from the 
ground surface to the top of the connecting pipe should also be 
discouraged. 

(3) The size and kind of pipe connection. 

(4) The size and shape of the operating nut. 

(5) The direction in which to turn to open. The best method is to 
draw a curved arrow pointing in the proper direction, but when speci- 
fying in writing, it is clearer to use the terms “clockwise” for hydrants _ 
opening to the right and ‘‘counter-clockwise”’ for hydrants opening © 
to the left. 

(6) The number and the size of the outlets. Unless the threads on 
both the hose and the steamer outlets are ‘National Standard’’ 
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send a gauge. A brass hose coupling (male and female) makes the 
best gauge if it is not old and worn. Do not send iron nozzle caps 
as they are originally cut full and when slightly worn are useless as 
gauges. 

If at all possible, the operating details such as just mentioned 
should be ‘‘National Standard”’ or the same as those in nearby cities 
or towns so that help can be sent in case of large fires. 

There is a well organized movement throughout the United States 
to have the “National Standard’’ hose threads adopted by all cities 
and the work of changing over is steadily going forward. In some 
states, such as Texas and South Carolina, the hose threads on every 
fire hydrant in the state are ‘““National Standard.” 

Be careful in the selection of your fire hydrants, especially if you 
expect to standardize on any particular make. See that they are 
durable and simple in construction, that the working parts are easily 
accessible, and for use in cold climates, be sure they are frost-proof. 


ol INSTALLATION 


_ When installing new hydrants, much future trouble and expense 
can be avoided by the use of proper precautions. 

Be sure your hydrants are perpendicular. A hydrant which leans 
to one side is very unsightly and is subject to uneven wear. 

Set your hydrants to proper grade. Most manufacturers indicate 
the ground line on their hydrants. Follow this as closely as possible. 
If the hydrant is set too low, it will interfere with the swing of the 
wrench in taking off nozzle caps and connecting the hose. The dis- 
tance from the center of the nozzles to the surface of the sidewalk 
should never be less than 14 inches. On the other hand, a hydrant 
which is set too high is unsightly and affords too much target for 
“‘wild’’ drivers. 

The elbow or base should rest firmly upon a solid foundation. A 
large flat stone, a layer of bricks or a flat slab of old concrete is 
generally used. The hydrant should be well braced against the water 
pressure so that it will not blow off or start the joint. Here again a 
large flat stone or piece of old concrete placed opposite the inlet 
should be used. 

Complete drainage of the hydrant barrel is essential to prevent 
freezing in cold climates. Nearly all hydrants are provided with 
automatic drain valves which drain the barrel after the hydrant has 
been used. The drain valve, itself, should be so designed and located 
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as to drain the hydrant completely, and proper provision should _ 
be made to take care of the drainage. Wherever possible, the hy- _ 
drant drain should be connected to the nearest sewer, but where no 
sewer is available, a bed of crushed stone or gravel should be provided _ 
around the bottom of the hydrant. The amount of stone necessary 
is dependent on the nature of the soil. In loose sandy soil, a smaller 
drainage bed can he provided than in clay soil which absorbs water 
slowly. In any case, a sufficient area to allow the drainage of an 
amount of water equal to twice the contents of the hydrant barrel 
should be provided. The arrangement of the drainage bed depends 
largely upon the design of the hydrant. It should be built around 
the drain holes and so arranged that the water level in the bed remains 
below the lowest point in the hydrant barrel. It is well to remember 
that a completely drained hydrant cannot freeze. 

In localities where frost penetrates the ground to a considerable 
depth, provision should be made to protect the hydrants from damage 
from frost upheaval. 

Some makers provide sliding frost or protection cases either as 
standard equipment or as an extra when required, but where no 
casing is provided, the hydrant should be installed in such manner 
as to prevent the heaving ground from raising or disturbing it. 

This can be accomplished by following the recommendation of the 
Fire Underwriters whose specifications read in part: 

Cusicaan adT 

“In clayey soils where the ground packs closely about the hydrant and tends to 
grip it, freezing and consequent heaving of the ground would bring some strain on 
the hydrant, especially if there were flanges near the ground level. To over- 
come this effect the flanges should be put above ground and the hydrant sur- 
rounded from bottom to ground level with a 3-inch layer of gravel.’’ 


A gate valve should be placed on each hydrant lead or branch 
between the main and the hydrant so that the water may be shut off 
and the hydrant isolated from the rest of the system. This practice, 
while it increases somewhat the cost of installation, will prove well 
worth the additional expense, it eliminates inconvenience to the con- 
sumer and the many complaints which always follow a shut-down. 
It saves the time required to notify the consumer that the water will 


be shut off and also saves cutting off other hydrants which may be 
needed at any moment for fire. 

The valve should not be set too close to the hydrant. Wherever 
it should be at least five or six feet away. While most 
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hydrants are so designed that when they are broken off no geyser ; 
will develop, sometimes, due to the condition of the ground in which — iy 
the hydrant is set, it will break off at the lateral when struck. T hen, | -¢ 
no matter what kind of a hydrant is used, there will be a flood. Go 

There is also danger at large fires that a falling wall may break off _ 2 
or bury a hydrant and the resultant loss of water may seriously 
hamper the Fire Department. If the gate is too close to the hydrant re 4 
it may be impossible to reach it. 7 ie q 

In many cities, the breaking of hydrants due to traffic accidents is" oF 
a very serious problem. By proper precaution in locating hydrants, na 


broken hydrants are those located at street intersections, and, in _ 
order to minimize the danger of being struck, many cities are moving : “ | 
their old hydrants from the intersections to less exposed positions, - 
and are new ones away from the corners. 


well in from the curb line so shat trucks passing close me the curb will — 
not strike and injure the nozzle caps. They should also be kept — 
away from light standards and telegraph poles so that the Fire — a 


Department will have plenty of room to attach its hose. They should | : 


be kept well painted with some prominent color or color combination — a 

which can be seen at night. Many cities are painting their hydrants 
a bright yellow, claiming that this color can best be seen at night. 
The Washington Suburban Sanitary District at Hyattesville, Mary- _ 
land, have standardized on a very light gray for the body of the 
hydrant with a dark green top. This isa pleasing color combination _ 
and blends very well with the landscape which is mostly suburban. — 
It has been proven that the hydrants are readily distinguished at = 
night and can be seen from great distances in the day time. The | 


covers the ground, the dark green top cap stands out against the ~ 


SPACING 


The proper spacing of fire hydrants should also be given careful 
study. The Fire Underwriters maintain that due to friction losses _ 
in hose, and in order to give anything like an effective service, no — : 
hose line should exceed 600 feet in length if from an engine nor 500° 
feet if direct from a hydrant, unless the pressure considerably exceeds _ 
that usually found where lines direct from hydrants are depended — 
upon. 
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The Manual on Water Works Practice of the American Water 
Works Association states that “the hydrants should be located at 
each street intersection with intermediate hydrants as local hazards — 
demand and with spacing not in excess of 500 feet.” 

Close spacing of hydrants is an economical practice. It is cheaper | 
to have more fire hydrants and less hose because the average good 
hydrant installed costs less than 2-50 foot lengths of good hose, and 
where the average life of fire hose is about five or six years, a good fire — 
hydrant should last at least fifty years. 

In addition, closely spaced hydrants result in more prompt and — 
efficient work by the Fire Department. Instead of a few long lines, © 
they will be able to use a larger number of short, more effective, 
lines with the same amount or even less hose. 

As the editor of Water Works Engineering on July 13, 1932 in an 
editorial on Hydrants vs. Hose pointed out: 


“It is poor economy to skimp on fire hydrants and expect the Fire Depart- 
ment to make up the difference through the use of hose lines. For in the final 
analysis, the insurance rates of the city are based upon its fire defenses which 
include, among many other things, the spacing of hydrants. A plentiful 
supply of hydrants conveniently placed may pay for themselves in lower in- 
surance rates.”’ 


MAINTENANCE AND OPERATION 


It is surprising, especially in the smaller towns and villages, how 
little attention is given to the maintenance of fire hydrants. When 
the water system is first installed all the materials used are usually 
selected with the utmost care. The best obtainable hydrants, in the 
judgment of those in charge, are purchased, installed, and, in many 
instances, promptly forgotten until an emergency arises where 
instant service is required. All fire hydrants, no matter how good, 
require some care and attention if the water works superintendent 
wants any assurance that they will be ready for service at an instant’s 
notice and will function properly. 

To get the best results from your hydrants, see to it that all water 
works employees, who may be called upon to operate them—espe- 
cially the maintenance men—are instructed in the proper way to 
operate a hydrant, and thoroughly understand its construction. 

Firemen should also be thoroughly schooled in the operation and 
construction of hydrants. Some Fire Departments, especially in the 
larger cities, maintain firemens’ schools and a member of the Water 
Department is usually on the faculty. 
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Check up occasionally on the hydrant operating wrenches which 
are used by the Fire and the Water Departments and allow only well 
fitting wrenches of proper length to be used. The safest plan is to 
use the wrench furnished or recommended by the manufacturer of 
the hydrants or at least one of equal length. Remember a poorly 
fitting wrench will round off the corners of the operating nut. 

In addition to an inspection after use at a fire, each hydrant should 
have a thorough and systematic inspection at least twice a year, at 
which time they should be operated, thoroughly oiled where necessary 
and the hose threads greased so that nozzle caps can be easily and 
quickly removed. When this is done, the inspectors should be re- 
quired to make a report on each hydrant. 

A complete record should be kept showing: ss 


The location of the hydrant. sdf 
The size of the pipe connection. «© 
the 


The make of the hydrant. a 
The size of the valve opening. 


z The length of the hydrant—the distance, from the ground line to the bot- 
¢ tom of the elbow. 
t 


Direction to turn to open. 
The date installed. i 
The dates when and if subsequently moved or reset. 


The date of each inspection should, of course, be recorded and such 
_ other data as may be of value to the superintendent may be kept 
| on the record card. These records are invaluable, not only in 
___ ordering repair parts correctly, but in determining maintenance costs. 
During the inspection, it is best, if at all possible, to open the 
_ hydrant fully so it may be thoroughly flushed clean of any stones or 
_ other foreign matter which may collect in the hydrant elbow. This 
_ is especially important in the case of an entirely new system or where 
~ extensions to existing mains are frequently made. During construc- 
— tion work, sand, gravel and other foreign matter are frequently left 
in the pipe lines and can only get out through the fire hydrant. If, 
instead of opening a hydrant fully, the main valve is just ‘‘cracked” 
or opened slightly, this foreign matter, instead of washing through the 
4 hydrant, is likely to become lodged between the main valve and its 
- seat. Then when the hydrant is closed, the stones, etc. may become 
embedded in the valve and cause leakage. With careful operation, 
- frequent replacing of main valves should not be necessary. 
During the inspection, the condition of the operating nut, the noz- 
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gle threads and the general appearance of the hydrant should be 
noted. The rate of drainage of the barrel should be carefully ob- 
served. If the hydrant does not drain, it indicates that there is either 
insufficient drainage area provided or the drain valve has become 
inoperative. ‘The drain valve in most hydrants can be flushed out 
or cleaned. ‘To clean the drain valve, replace the nozzle caps and 
“erack”’ the main valve. Usually it requires two or three full turns 
of the hydrant wrench to completely close the drain valve. Allow 
the hydrant to fill and as the pressure builds up in the hydrant it 
will generally force out any obstruction in the drain hole, and the jet 
effect of the water through the hole will cut away any earth which 
may have become packed around the outside. If the pressure in 
the mains is insufficient to clean the drain the main valve may be | 
closed and additional pressure applied through the use of a foree pump | 
attached to one of the nozzles. This simple remedy will frequently 
eliminate the necessity of dismantling the hydrant or even in some 
eases digging it up to correct drainage troubles. A well designed 
hydrant, properly set and with the drip or drain valve functioning, 
should never freeze because the hydrant barrel should be drained — 
completely of water. If the hydrant does not drain completely,a _ 
small quantity of denatured alcohol may be placed in the hydrant. _ 
This will usually prevent freezing. If ground water is present and 
above the level of the hydrant drain, the best remedy is to plug up 
the drain and pump the hydrant out each time after use, especially 
during the winter months. 

Sometimes, trouble is encountered from tree roots penetrating the 
drain valve and interfering with the operation of the hydrant. The 
chief offenders are the Carolina poplars, elms, willows, maples and 
certain types of hedges. The best corrective method is to remove 
the offending tree from the immediate neighborhood of the hydrant, 
but this is very often not possible. Salt placed around the outside 
of the hydrant in the vicinity of the drain valve openings is another 
solution to the problem. A salt solution placed in the hydrant and 
allowed to drain out through the drain valve openings will treat the 
ground in the vicinity of the hydrant and destroy the fine roots. 
If this treatment fails, the only other plan is to plug the drain valve 
orifice permanently so that the roots will be unable to penetrate 
the hydrant. 

About the only part of a water works system that the average 
citizen sees is the fire hydrant. He is, therefore, inclined to judge 
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the water works by the appearance of the hydrants. If they are 
rusted and neglected, he gets the impression that the management 
of the water works is inefficient. On the other hand, if they are kept 
well painted and attractive, they reflect credit to the water works, 
Many water works give their hydrants a fresh coat of paint each 
spring. When painting the hydrants, excess paint around the nozzle 
cap chains should be carefully brushed out so that it will not cake, 
and prevent the easy turning of nozzle cap in the chain swivel. — 

INDISCRIMINATE USE OF HYDRANTS 4 

There should be a firm rule or an ordinance prohibiting the indis- 
criminate use of hydrants by contractors, street sprinklers and other 
private individuals. 

Everyone excepting firemen and Water Department employees 
should be required to obtain a permit and be made responsible for 
any damage to the hydrant. When application is made and a proper 
fee paid, the Water Department should send an experienced man to 
operate the hydrant. In the case of a contractor, a special nozzle 
cap fitted with a meter and stop cock could be attached to one of the 
nozzles. The hydrant could then be turned off by the water works 


- employee, the contractor should use the stop cock to turn the water 


on and off. 

For street sprinklers, special hydrants should be installed at various 
stations to be used for this purpose only, or, where this is not prac- 
ticable, certain existing hydrants should be designated for their use. 
These hydrants should be fitted with an outside hose nozzle valve so 
that the hydrant may be left open and the sprinkler be required to 
use only the nozzle valve. Their hose should be of a different diame- 
ter than that used by the Fire Department so they will be confined 
to their own hydrants. 

Nozzle caps should never be allowed to remain loose or altogether 
off. A missing cap exposes the brass thread to injury and no small 
boy can resist the temptation to fill the hydrant with stones. 

In closing, allow me to mention one more matter, which is, to my 
mind, of great importance. I mentioned before that the fire hydrant 


must be ready to go into action instantly any hour of the day or 
“x night. Many times, in talking with various fire chiefs, I have been 
told that one of the most troublesome delays are caused by auto- 


mobiles parked too close to fire hydrants, especially in the business 
districts. Many cities and towns have regulations preventing park- 


= 
4 
= 
4 
r 


T 


VOL. 26, NO. 7] MAINTENANCE OF FIRE HYDRANTS 843 | 

ing ten or more feet either side of a fire hydrant. Where such rules 
or ordinances exist, they should be strictly enforced every hour of _ 
the day and night. Where there are no such rules or ordinances, 
they should be provided and since the modern automobile bumper 
ranges in length from 25 to 30 feet over all, the prohibited area should 
be 20 feet on either side of the hydrant, allowing a total of 40 feet 
for the apparatus to maneuver. 


CONCLUSION 


the discussion on this paper, Professor Babbitt has n men- 


the of infiltration a fire hydrant been 
He further mentioned that this thought was provoked particularly | 
by the wide publicity that has been given cases of amoebic dysentery P 
in Chicago. In the writer’s opinion there is only one way that there 
could be any infiltration through a fire hydrant. This would be 
caused by opening a fire hydrant in a dry water main so that there — - ; 
would be no pressure to force whatever ground water, or stagnant — 


the nozzle. Therefore, this water would drain into the water main E oa 
when the hydrant valve is open and when the water is turned back _ 
into the main there would be a clearcut case of pollution of the supply. — = 
This, however, would not be the fault of the fire hydrant and would 
have to be traced either to carelessness or a mistake on the part of 
the operator. 

(Presented before the Illinois Section meeting, April 19,1934.) 
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TH HE DEV E) L OPME NT OF LARGE CAPAC I TY D Y DE EP WE LLS 
FOR TACOMA, WASHINGTON 


(Superintendent, Water Division, Tacoma, Wash.) 

During 1932 the Water Division of the Department of Public 
Utilities of the City of Tacoma, Washington, completed the develop- 
ment of five large wells with a total capacity of 25 m.g.d., approxi- 
mately. 

The primary source of the City’s water supply is obtained from the 
_ Green River through a single gravity supply line 43 miles long, having 
P a capacity of 47 m.g.d. This system was completed and placed in 
_ service during the early part of 1913. Of the original gravity line 
is conduit, 41 miles were built of untreated continuous wood stave pipe. 

After shout ten years service it became necessary to start replacing 

“4 certain portions of the wood pipe. An annual reconstruction pro- 

gram has been laid out based on the remaining years of useful life of 

i the different sections of the pipe line, which calls for the completion of 
the entire replacement program by 1940. On account of the hazards 
during the replacement period and high peak loads during the sprin- 
. kling season in connection with the steadily increasing demand for 

additional water for industrial purposes, it was decided to develop an 

additional and independent water supply. 
Several possible gravity supplies were looked into and the most 
_ favorable one was investigated in considerable detail. Upon com- 
pletion of the estimates of cost of construction, it became evident 
that the City was not in a financial condition to embark on an invest- 
ment of several million dollars. The uncertainty of the probability 
= of earning a sufficient income to cover the heavy additional fixed 
charges on account of a new gravity system precluded this plan at this 
so time. The question of developing an additional water supply from 
wells was then looked into as a possible solution. 


PRACTICABILITY OF AN UNDERGROUND WATER SUPPLY OF LARGE 
CAPACITY 


A study was made of the general geological conditions encountered 
in the area that appeared most favorable when examining the topog- 
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raphy in the southern part of the City and in the prairie country. 
lying south of the City and extending southerly for many miles to 


the foot-hills of the Cascade Mountains. 


During the last glacial period the glaciers must have advanced and 


retreated across this prairie country several times, each time deposit- 
ing additional layers of boulders, gravel, sand and silt. These gravel 
deposits generally extend to depths of 300 feet and over, forming an 
underground drainage and storage basin of enormous capacity. The 
general ground elevation in the South Tacoma district where the new 
wells were driven is 285 feet above sea level. The elevation of the 
water table in the same area is approximately 247 feet above sea level. 
Investigation of a number of existing wells and the general favorable 
geological and meteorological conditions in this vicinity led the writer 
to the conclusion that a large body of underground water could be 
developed here at a minimum expense for plant. 


Mr. Homer Blair, Consulting Engineer of Tacoma, Washington, — 
describes the general geological conditions in and near Tacoma at some _ 
length in his paper entitled, ““Underground Water Resources in the | 
published in Tor JouRNAL, September, 1929. 


Vicinity of Tacoma,” 


SPECIFICATIONS AND CONSTRUCTION DETAILS 


The development of these five wells was carried out under two 
contracts. Well No. 1-A, located near South 63rd and Cedar Streets 
was drilled and equipped by the Fairbanks Morse Water Supply — 
Company of San Francisco, California. The other four wells were — 
drilled by the N. C. Jannsen Drilling Company of Seattle, Washing- — 


ton. The locations of these wells are as follows: 
No. Location qj 
2-A South 35th and Windom Streets : aa 
3-A Lot 2, Block 11, Prescott’s Second Addition £ 
4-A Near Tahoma Auto Camp 
5-A Near South 54th and South Park ei 


The equipment for these wells was purchased by the City under 
Drilling of 


Well No. 1-A was more in the nature of a test hole to prove the cor- 
rectness of the study of the underground water development possi- 


bilities. 


It was deemed advisable to test our specifications on the 


smaller contract and gather information for possible revision before 


l 


etting the contract for the four additional wells. After developing 6 


m.g.d. from the first well the question of the practicability of well 
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development was settled. The prinicpal changes made in the speci- 
fications were as follows: 

The outer casing was increased from 36-to 38-inch I.D. and the 
inner casing from 24-to 26-inch I.D. The depth of the outer casing 
was reduced from 100 to 60 feet. Under the first contract the con- 
tractor had to furnish his own test pump while under the second con- 
tract the City furnished the contractor with a test pump of 4200 g.p.m. 
capacity, at a pumping head of approximately 220 feet. The con- 
tractor’s guarantee of delivery capacities per well of 1400 g.p.m. was 
reduced to 700 g.p.m. in the second contract. In general, those were 
the major changes made in the specifications of the first contract be- 
fore we proceeded with the advertising of bids on the larger contract. 

Under the requirements of the revised specifications the contractor 
had to furnish all labor, materials, equipment and supplies to construct 
four or more wells, delivering a minimum of 8400 g.p.m. No well 
with a capacity of 700 g.p.m. or less was to be accepted as a satisfac- 
tory well. All power, equipment for sand pumping, other than the 
test pump furnished by the City, piping and devices for measuring 
the water had to be furnished by the Contractor. The City furnished 
under separate contracts the pumps, motors, starters, permanent 
wiring, housing and foundations. 

During the drilling operations the contractor was required to keep 
a detailed daily log of the character of materials, formation encoun- 
tered, depth and consistency thereof, elevation and changes of water 
table and of all operations pertaining to the progress of the work. 
The specifications contained considerable information in reference to 
the geology in the South Tacoma district and logs of wells that were 
in operation in the vicinity of the proposed wells. 

The inner casing for the wells was made of No. 8 gage hard red 
steel 26-inch I.D. stove pipe casing. The individual sections were made 
up in 4 feet lengths lapped so as to bring the inner girth seams midway 
between the outer ones. The longitudinal seams were riveted and 
welded to water-tightness and ground smooth. The ends of all casing 
joints were faced to give a true joint to insure perfect alignment. 
Rivets were countersunk and made flush. The lower 20 feet of casing 
was made of 3-ply No. 8 gage steel, equipped with a cutting shoe of 
hard heat treated steel 18 inches long and 333-inch O.D. and 26-inch 
I.D. On top of this starter section there were installed two 20 feet 
sections of 2-ply construction all plug welded together and the sections 
welded to each other and to the starter shoe to form a solid piece of 
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casing 60 feet long. This was done to insure straight alignment and 
prevent buckling of the casing whenever it was necessary to force the 
easing through boulder and hard-pan formation. ‘The starter joint 
of the 38-inch casing was made of 3-ply construction as described, for 
a distance of 12 feet, equipped with the hard steel starter shoe 38 inches 
I.D., 1} inches thick and 12incheslong. Both casings were liberally 
pick punched in assembsing and the outer casing was substantially 
anchored by four heavy cables during sinking operations to prevent 
settling and pulling apart. The cables also materially assisted in 
keeping the casing plumb. The outer casing was sunk to a depth of 
60 feet while the inner casing was to be sunk to a depth of 300 feet. 

Variations of 100 feet above and 50 feet below that depth were 
permitted at the discretion of the Water Superintendent. Care was 
taken particularly to have the casing as straight and plumb as possible 
and frequent observations and measurements were made during the 
drilling operations. Four 50-ton jacks attached to the upper part 
of the casing through a heavy spider casting and anchored to a large 
sand box were used to force the casing into the ground. The excava- 
tion from the inside of the casing was handled by the so-called mud 
scow method. This method was very satisfactory in sand, gravel, 
clay and shale formation; but in hard-pan and boulder formation 
special drilling and rock tools had to be used before a mud scow would 
pick up this material at the bottom of the hole. One particular ad- 
vantage of the mud scow method over the so-called rotary method 
for sinking well casings is that true samples of the material penetrated 
can be taken without the admixture of clay. Many samples of the 
material were taken and preserved in small fruit jars for future rec- 
ord in the Department. 

While the inner casing was being sunk a uniform annular space 
between the inner and outer casing was maintained by wooden sus- 
pended spacer blocks which were afterwards removed. Gravel of 
round and uniform size, from 3 to 1 inch diameter was fed intothe 
annular space to follow and fill up the void created by the large starter 
shoe of the inner casing while it was being forced downward through 
the various materials. During the drilling operations the top of the 
gravel was usually kept about 5 feet above the starter shoe of the 
outer casing. An indicator was always used to observe this level. 

Perforations of the casings were made with a tool known as the 
“Mill’s Knife,’’ which appears to be the most dependable contrivance 
for this class of work that has come to the writer’s attention. The 
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devels holes cut into the casing were triangular in shape with the base of the 
_ triangle about ? inch wide and the height about 4inches The actual 

_ eross-sectional area per hole would be approximately 1} square inches, 
oa From 14 to 17 perforations were cut at each level, spacing the perfo- 
was _ rated rings from 9 to 12 inches on centers up and down the casing 

through all water bearing material. 

tract € For the large part of the development work the contractor used the 
test pump of 6 m.g.d. capacity already mentioned, which was fur- 
nished by the Water Division. A good deal of the development work 
ches also carried out with a small air-lift device. At the suggestion 
___ of the writer the contractor assembled a double dise swab on a 6-inch 
Shed _ diameter pipe stem reduced to 4 inches diameter above the discs and 
plugged below the lower disc. The discs were spaced about 24 inches 
a. apart and the pipe between the discs was slotted. Several feet above 
the upper disc a 1-inch diameter air pipe was connected into the larger 
pipe. The necessary air was supplied at proper pressure through the 
l-inch pipe operating this contrivance as a combination air-lift and 
swab. One or two sets of perforations would usually be located be- 
tween the discs. The high velocities of the water entering the casing 
would carry a large percentage of sand and silt into the 6- and 4-inch 
eduction pipes. This device was not only very effective in bringing 
up the sand and fine material and in developing a gravel screen around 
the well casing with a minimum expense for power and at considerable 
saving in time, but it was especially helpful in solving one of the big 
problems of the job, which was the disposal of large quantities of 
dirty water during the development period. 

During the development operations gravel was fed between the 
inner and outer casing and upon completion of the development work 
the gravel backfill was brought up to within 40 feet of the surface. 
Two 4-inch diameter galvanized iron pipes were then inserted in this 


“ annular space diametrically opposite to act as gravel spouts if at any 
be time in the future further settlement should take place in the gravel 
: + screens surrounding the casings. A light metal plate seal was then 
, jo installed on top of the gravel and the remaining space filled with neat 
- R cement up to the level of the water table and from here to the surface ; 
_ a grout of one part of cement to two parts of sand was used. lavery g 
TESTS AND PERMANENT EQUIPMENT dining 


_ The test pump furnished by the City was used by the contractor for 
ascertaining capacities of each well. This pump proved to be of suf- 
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. a ficient size for testing all wells except No. 5-A. The contractor re- 
- “a ceived payment for the quantities of satisfactory water developed at 
i - a maximum drawdown of 60 feet below the static level of the water 
_ table and at the end of the seven day test. At Well No. 5-A it was 
found that the test pump was making 4400 g.p.m. with a drawdown 
_ - about 33 feet. This was already 200 g.p.m. beyond the rated 
capacity of this pump and it became, therefore, necessary to make 
___ discharge tests, the drawdown varying from 0 to 35 feet. In plotting 
these points established during this test and extending the curve, a 
forecast could readily be made of the probable capacity of this well 
at a60feet drawdown. Water was usually measured by two methods 
and the “‘V” notch or rectangular weir and orifice methods were used. 


ELECTRICAL EQUIPMENT 


All motors operating the deep well pumps are vertical, three phase, 
440 volt, 1160 to 1185 r.p.m., squirrel cage, high reactance induction 
type motors with push button operated starting equipment. Four 
of the starters are of the magnetic auto-transformer type, while the 
starter for the smallest motor, (100 h.p.) is of the line-start type. 
The starting button circuit is 110 volts and is obtained either from 

the lighting circuit or a small transformer mounted in the starter 
housing. All starters are equipped with overload and no voltage 
relays. 

A thermostat installed in the oil of the thrust bearing of each pump 
will stop the motor by opening the holding coil circuit whenever the 
oil reaches a predetermined temperature. ‘Two types of thermostats 
are installed ; one type is the Time-O-Stat * 30 Hydroswitch, as manu- 
factured by the Minneapolis-Honeywell Regulator Company of Elk- 
hart, Indiana, which breaks the circuit by means of a mercury switch 
and the other is the Type ‘J’? Model JRTA, Style 4 with metal 
contacts of the Penn Electric Company. The problem of determin- 
ing the temperature at which to set the thermostat was not so easy 
because there seems to be no standard practice and little available in- 
formation covering the exact conditions to be met in each case. 

Recommended temperatures varied from 75°C. to 150°C. (167 F. 
to 253 F.) for thermostats actually imbedded in the babbitt. To 
determine a minimum setting in the face of these widely divergent 
recommendation, the pumps were operated at full load with the pump 
house heated to what was considered extreme hot weather ron 
by shutting all doors and windows on a hot summer day. 7’ | 
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Development cost of well water delivered to low service system i 
Capacities—Gallons per minute at end of 7-day run at 60 feet drawdown he 
WELL CAPACITY 
4-A 1,572 
nit 
Cost of wells fas 
ITEM AMOUNT COST PER G.P.M. af 
Pump and 44,110.55 2.691 
Connecting pipe lines...... 15,538. 86 0.948 be 
Annual cost—fixed charges ihe 
ITEM RATE AMOUNT 
percent 
Depreciation: ir. “The 
Construction. . 4 $2,596 
Pumps and installation.............. 4 1,764. 
nuit be 
Brick house @ $2671.31............. 2 53.43 ees 2 
4 Frame houses @ $5396.55.......... 5 
Connecting pipe lines............... 2 310.78 peak, 
Interest on investment @ 5 percent. . 7,091.38 
Commercial expense (1932) (in proportion to in- phenyl vip 
General expense (1932) (in proportion to invest- ia 
Operating THe 432.00 
Maintenance and supplies—estimated.............. 500.00 
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From these tests a setting of 135°F. or 573°C. was chosen since it 
gives a sufficient safety factor over the minimum recommended setting 
of 75°C. and still is high enough for the thermostats to remain ip. 
operative on the water cooled bearing unless bearing trouble actually 
: develops or the cooling water supply fails. 
i In case of emergency, the setting can easily be changed and an 
: _ attendant placed at the pump to watch the bearing and thus, if neces- 
60 
ing / 
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hart 
Fig. 2. 5A. YIELD CuRVE AFTER PuMPING 64 Hours 
Capacity or STERLING Test Pump, THEN RepucING DrRaw- 
7) we DOWN BY 5-FOOT STAGES, FEBRUARY 9, 1931 
ss gary, operate the bearing at a higher temperature until the emergency 
passed. 
p 
te MECHANICAL EQUIPMENT 
; ds {ach well is equipped with a drawdown gage, discharge pressure 
ss gage and manometer orifice gage for measuring the discharge and 4 
kilowatt meter for measuring the power input. A blow-off is also 
_ provided on each discharge line so that any stagnant water may be 
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disposed of before pumping into the system. For Well No. 1-A a 
small brick house was provided. For the other four wells frame 
buildings supported on concrete girder foundations were built. The 
concrete girders are supported on spread footings outside of the build- 
ing lines so as to eliminate the danger of settlement in case of ground 
movement near the casing. A portable knock-down steel tower for 
pulling well pumps is provided that can readily be assembled by two 
men in two or three hours. A removable hatchway in the roof of the 
well buildings permits of the tower assembly with no inconvenience. 


COSTS 
In order that there might be no misunderstanding as to the unit 
costs of well water produced, it was deemed advisable to incorporate 
bay? this paper all information available at this time on this phase of 
% this problem. This was done especially because of the variables 
involved when discussing this subject, such as maximum yield of 
wells when pumping for various periods of time and the sliding scale 
in the power rate, depending on the changing load conditions. There 
is also the question of the proportion of fixed charges that should be 
made against the actual quantity of water produced. 

In reference to the yield of the wells, this was based on the continuous 
seven day tests made by the Department, indicating 31 m.g.d. at the 
start and 23.6 m.g.d. at the finish of the test, with a 60 feet drawdown. 
For the purpose of the cost figures an average yield of 25 m.g.d. was 
therefore assumed. Ordinarily the wells will be operated only for sev- 
eral hours each day during the summer months of each year. The 
only time when they will operate continuously is during emergency 
work on the gravity system, which, it is estimated, should not be 
longer than five days continuously. Additional storage possibilities 
of the night flow on the gravity system in conjunction with the peak 
load capacity of the well system will take care of the growing indus- 
trial demand of the City for many years in the future. By intermit- 
tent operation of the wells, such as is necesarry for our condition, the 
water table always has ample chance to recover normal elevation. 
The sliding scale in the power rate of our municipally owned power 
system depends on the power cost factor and is illustrated in figure 3, 
covering different pumping conditions that might arise. The total 
cost curve on the same diagram shows the total cost of all charges 
per 100 cubic feet of water delivered to the low service system. 


The fixed charges against the well system are $13,540.05 per annum 
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and the total operation and maintenance expenses are only $932.00 per 
annum, making the total annual cost for all expenses other than that 
for power, $14,472.05. This amount is allocated against the well 


water produced on the basis of the actual running time. The bal- 
ance of this expense is absorbed by the water system asa whole. T his 
total cost of water produced is indicated on figure3. veortaagge 
a 
az | il 
e727 1.0 tt 
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Fig. 3. Power anp Torat Cost or WATER DELIVERED TO Low SERVICE 
SysTEM 
Anan) _ Power costs based on bills for Wells A-1, and 
CONCLUSIONS 


¥ The completion of the well program as outlined herein places the 
water supply problem of the City of Tacoma on a much safer basis. 
Most of the hazards in connection with the operation of the 43 mile 
pipe line of the Green River gravity system are absent in the opera- 
tion of the well system. For instance, snow and ice troubles at the _ 


Intake during the winter, floods at three river crossings, guarding of 
bridges, muddy water from freshets or melting snows, forest venagedtl 


breaks in the pipe line and consequent property — maintenance nS 
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troubles, all are part of the operation and maintenance of a long 
gravity pipe line. 

Some of the conclusions that pointed favorably to a well develop- 
ment in our case were the low power cost from our municipally owned 
power plants, low pumping head, the excellent quality of our well 
water, bacteriologically as well as chemically, the ample precipitation 
to replenish the ground water supply and the tremendous under- 
ground storage basin we have in the vicinity of the City. 

From the financial viewpoint these arguments present themselves 
in favor of the well program as carried out and as planned for the 
future: 

No large amount of capital need be invested in plant not continu- 
ously employed or necessary. 

From the standpoint of dependability, the failure of the equipment 
at any one well would not be a serious problem, but the failure of a 
single gravity supply line furnishing a water supply to a community 
of over 100,000 people might create a real danger. 

The several engineers that have acted as assistants to the writer at 
various times in connection with the well development investigations 
and development work were B. P. Thomas, as Assistant Superinten- 
dent, Lothrop Crosby, Senior Engineer and H. S. Barrelag as Me- 
chanical Engineer of the Water Division. Mr. Ira 8. Davisson is 
Commissioner of the Department of Public Utilities, of which the 
Water Division is one branch. Acknowledgment is hereby also made 

for the assistance by Mr. Lothrop Crosby and Mr. J. Guy Eernisse, 
Engineers in the Department in the preparation of the curves and 
cost information which are part of this paper. 

(Presented before the Pacific Northwest Section meeting, May 12, 19383.) 
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] THE TRAINING OF OPERATORS OF WATER TREAT- 


MENT PLANTS 
By R. D. Bates 
(Senior Sanitary Engineer, State Department of Health, Albany, N. Y,) 


The problem of training plant operators is one which has occupied 
the attention of the sanitary engineering division of most of our state 
health departments at one time or another. When we refer in this 
paper to treatment plant operators we include not only those at filtra- 
tion plants, but also those operating chlorination plants. For in 
our experience it has been found that there is as much need for the 
training of such personnel, as those of the plants using the more 
complicated processes. Many municipal authorities and the general 
public seem to lack an intelligent conception of the responsibility 
resting upon the shoulders of an operator of a water treatment plant, 
or of the chemical and physical reactions involved in water purifica- 
tion which must be accurately controlled. The impression is very 
common that the job of operating a water treatment plant is one with 
little work attached to it and affords a good opportunity to reward 
some deserving friend. As a result of this lack of understanding, we 
find frequently that men quite unfamiliar with what is expected of 
them have been placed in charge of the operation of a water treat- 
ment plant and must be instructed from the bottom up in the han- 
dling of their plants. 

The training of water treatment plant operators may properly be 
divided into two parts; one dealing with the courses of study desirable 
in the preparation of engineering students at the various universities 
and technical schools who are preparing to make water purification 
a vocation, and the other dealing with the training of non-technical 
men who are operating plants without adequate knowledge or pre- 
vious training. With the former I shall deal only briefly; the latter 
being one of the important functions of the State Health Department 
in connection with the supervision of the quality of public water 
supplies will be discussed at length. 

Generally speaking, the various engineering schools have not 
arranged courses which are designed to prepare their graduates for 
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the supervision of water purification plant operation, although a 
number of graduates in sanitary engineering and civil engineering 
will be found in charge of the larger water purification plants in this 
country. In recent years, however, some of the schools, particularly 
some of the state universities, at the suggestion of their health depart- 
ments have arranged courses especially to prepare graduates to take 
up this work. Such a course should, I believe, in addition to the 
fundamental courses common to all engineering courses lay particular 
stress on sanitary chemistry, physical chemistry, bacteriology and 
limnology with plenty of instruction in laboratory procedure. 

The larger municipalities, and water corporations under private 
ownership, usually employ technically trained men to supervise the 
operation of the treatment plants. In the smaller communities it is 
rare to have technically trained men in charge of the plants, because 
of the financial burden, although the processes involved are identical 
with those at the larger plants. It is with the training of operators 
in the smaller communities that we are principally concerned. 


METHODS OF TRAINING 


Several methods have been adopted by the various state health 
departments for the training of water treatment plant operators. 
The “short school” method seems to have been most widely accepted 
and in most general use. This procedure, as the name implies, con- 
sists of the assembling of the operators for a short period of intensive 
training in water purification matters. In some states this is carried 
on by the State Department of Health and the State University, as 
at Kansas where the university and engineering and laboratory divi- 
sions of the health department are unusually closely associated, and 
in some of the other states such a short school is jointly sponsored by 
the local section of the A. W. W. A., the state health department, 
and one of the universities where laboratory facilities are available. 
The training periods are usually held annually for periods of three or 
four days toa week. One notable example of a successful short school 
is that held annually in Texas under the auspices of the Southwestern 
Water Works Association, the State Department of Health, and 
alternately by one of the technical schools at which the work is done. 
Intensive instruction is given in the use of the essential laboratory 
equipment, the making of the usual tests and their interpretation for 
about one third of the period. There are also papers by well known 
authorities on various phases of treatment. This work is followed 
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by an inspection of one or more types of water treatment plants with 
opportunity for observation of operation methods. Ample oppor. 
tunity is afforded, in this way, for theoretical study of the processes 
involved and instruction in practical phases of the work. 

Where the number of treatment plants in the state is small and the 
personnel of the engineering division adequate, probably the most 
satisfactory method of training the operators is that used in North 
Carolina. There an engineer from the health department spends 
from one to two weeks with the plant operator instructing him jp 
the proper operation of his plant and in the use of such laboratory 
equipment as had been provided. This period of training was fol- 
lowed up from time to time to make sure that the operator under- 
stood all that had been taught him. When a technically trained man 
was employed by a municipality to operate its treatment plant, an 
engineer was detailed for at least a week to operate this plant and 
gradually break him in. The training of technical plant operators 
was carried out in the same way as that of non-technical operators. 
except that it took less time. There the State Health Department 
has also developed a system of what might be called promotion for 
the well qualified operators by advising municipalities regarding 
qualified operators available from smaller communities. 

Another distinctly different method of training has been that used 
in Ohio. This has been due largely to the authority vested in the 
State Department of Health by laws relating to the operation of 
public water treatment plants. The geographical distribution of 
the larger cities with relation to their proximity to smaller communi- 
ties has also been a factor in the method developed to handle this 
problem. The law is as follows: ‘For the purpose of controlling the 
sanitary quality of public water supplies, every city, village or other 
subdivision or district, public institution, public water supply, or 
water works system shall have analyses made at such intervals and 
in such manner as may be ordered by the State Department of Health, 
and records of the results of such analyses shall be maintained and 
reported as required by the said Department.” In that state the 
larger cities have all employed technically trained men to take 
charge of their water treatment plants. At the small water purifica- 
tion plants, an endeavor is made to keep up the same standard as at 
the larger plants. In very few instances have department engineers 
attempted to train operators of small plants. Training of these 
operators is secured by the employment of a filtration plant superin- 
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tendent from a nearby city. He is employed by the village on a part | 
time basis and his duties comprise supervising control over the plant. 
He visits the small plant at frequent intervals and, when necessary, 
he instructs a new operator, spending considerable time at the plant. 
In some instances a new operator who is to be placed in charge of a 
plant spends a week or two at the plant operated by the supervisor. 
While there he learns how to make routine bacteriological and chemi- 
eal tests which are necessary for the proper control of his plant. He 
learns also the details of plant operation. The system of having the 
operation of the small water purification plants under the direction — 
of technically trained men has worked very satisfactorily in Ohio. — 
It would appear to be a most satisfactory method to employ wherever 
the plants with technically trained personnel are located within easy 
reach of a number of smaller plants. iloseth tet 
ot aden 

NEW, YORK, EXPERIENCE... ane 
A drive was started in this state in 1924 to improve the quality of 
treatment plant operation and we are still going strong. A survey 
of the situation at that time showed that we had in this State some | 
of the best purification plant operators in the country, and undoubt- 
edly some of the poorest, with the majority ranging in between. 
There were a large number of rapid sand filter plants operating with 

no laboratory control whatever, the operator using the same chemical : 
dosage year in and year out, with the setting he was told to use by 
the representative of the manufacturer when the plant was installed, 
or perhaps by the engineer from the Department who was last there. 
Naturally, many of the operators had little interest in their plant 
under such conditions. The procedure was simply mechanical, with 
no understanding by the operator of what was going on. In order to 
correct this condition and provide better treatment of the water 
supplies involved, plans were formulated for visiting the treatment 
plants and training the operators in the handling of their particular 
plant. One engineer was assigned to this work, and much of his time 
during the past seven years has been devoted to this problem. Per- 
sonal contact was established with the operators, one or two days at a 
time being spent at the plant in discussing operating procedure to be 
followed, and in some cases, actual operation of the plant has been 
carried on to demonstrate proper methods of control. After repeated 
visits to the plants over a period of several years, most of the operators 
are able to manipulate their own plant in a reasonably efficient 
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manner, although not all of them understand thoroughly why they a 
proceed as they do. sic 

As soon as the operators became sufficiently well versed in handling ou 
their plants so that they could appreciate the advantages in cuntrol. ra 
ling plant operation, and of knowing what the color, turbidity, ete, ob 
of the water were from day to day, it was recommended to the villages ce 
that equipment for making the essential laboratory tests necessary to 
for controlling plant operation be procured. With the plant operator K 
interested in obtaining such equipment, this was usually easy to re 
obtain. When the equipment was received at the plant, about three ne 
days were spent with the operator setting up his laboratory, instruct- th 
ing him in the use of equipment, making of media and making tests pl 
which include color, alkalinity, residual chlorine and presumptive nt 
tests for B. coli. The procedure followed in the training of the opera- hi 
tor to make these tests has been, first, to have him observe the engi- 0} 
neer carry out the tests in the course of regular plant operation for Ww 
one day, then on the next day, to carry on the work himself under ol 
the supervision of the engineer. He is then left to his own devices p 
for several days. A return visit is made to the plant after a short ti 
time, when it is found that there are always a number of questions W 
which have arisen and additional points of procedure to be straight- p 
ened out. A simple schedule of daily procedure which is worked out tl 
jointly by the operator and engineer is very helpful, as most of them sl 
find the use of “Standard Methods,” difficult at first. Practically tl 
all of the filter plants are now operated under some type of laboratory il 


control, either by the plant operator, by a consulting chemist from a 
nearby plant, or through routine examinations by a commercial 
laboratory. 

Now do not misunderstand me; I do not want to create an impres- 
sion that we believe that it has been possible to make sanitary chem- 
ists or bacteriologists out of these men, some of them lacking even 
high school education, in the short time which we have been able to 
devote toeach man. We do know, however, that we have been able 
to train them to use the equipment which they have at their particu- 
lar plant in the manner suited to the treatment of their particular 
water. There was considerable skepticism, at first, over our attempt 
to make bacteriologists out of plant operators in three or four days. 
Certainly, we have not been able to do that, although in a few in- 
stances we have aroused sufficient interest so that a few of the men 
have subsequently read and studied intensively and have acquired 
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a surprising knowledge of the subject, as well as developed con- 
siderable proficiency in laboratory procedure. However, it has been 
our contention that the technique of glassware sterilization, the prepa- 
ration of lactose broth, using dehydrated media, and the making of 
observations for gas production in presumptive tests for B. coli, is 
certainly sufficiently simple for any man who is sufficiently intelligent 
to understand the operation of a rapid sand filter plant, to master. 
Furthermore the results of the presumptive tests for B. coli can be 
readily reported in the plant records as so many tubes positive or 
negative for gas in 24and 48 hours. The operator has been instructed 
that any gas formation in his final effluent is a sign of unsatisfactory 
purification requiring immediate consideration. Other than this, 
no attempt has been made to instruct the operator in interpreting 
his bacteriological results. The record of presumptive tests on the 
operation report as received by us gives sufficient information from 
which to gain a good idea of the character of the water being turned 
out. Of course, an inexperienced operator might have a record of 
positive presumptive tests due to careless sampling or poor steriliza- 
tion of glass-ware, even though the water were of good quality. This 
would be promptly called to our attention, however, and could be 
promptly corrected by additional instruction. Our experience over 
the past seven or eight years with some 20 odd plants where pre- 
sumptive tests for B. coli are being carried out on both raw and 
treated water has been that the results are sufficiently accurate to 
indicate the sanitary quality of the water being delivered. 

In a number of instances where a small plant has been located 
accessible to a larger plant operated under technical supervision, it 
has been possible to place the operator of the small plant under the 
part time supervision of the technically trained operator who advises 
the small plant operator regarding procedures and chemical feeds, ete. 

Since 1924 laboratory control of plant operation has been installed 
at 24 filter plants. On one or two instances, at new plants which 
have been erected, the operator has been carefully trained by the 
engineer who designed the plant and who has continued to supervise 
operation. Early in the work of training plant operators it was 
realized that there was a need for some outline of the fundamental 
principles of water purification which could be understood by many 
of the operators who were unable to understand the standard works 
on the subject, and two bulletins were prepared by the Department; 
one dealing with chlorination and protection of watersheds, the other 
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with water supply control, including purification. These have been 
distributed freely among the plant operators and have been of econ- 
siderable value in the training of the operators. It has been very 
gratifying to notice at some of the plants the increased interest of the 
operator in maintaining proper control of plant operations following 
the installation of laboratory equipment. The fact that the results 
- of careful plant operation were noticeable on his records seems to 
have aroused an interest in doing a good job. Incidentally, the 
- operation records, copies of which are forwarded to the Department 
each month, have been very helpful in keeping in contact with 
the operators. 

The above remarks have referred chiefly to operators of treatment 
plants involving filtration. A similar procedure is carried on with 
respect to operators of chlorination plants, although of course the 
amount of time it is necessary to spend with the operator is less and 
no laboratory control other than the usual orthotolidine test is 
involved. 

While it has been possible through personal contact with the 
operators of all of the purification plants not under supervision to so 
train the operators in the manipulation of the individual plants, that 
they can under most conditions turn out a water of safe sanitary 
quality. It is desirable, however, to continue this training to include 
some of the more elementary theory behind the coagulation reactions, 
filter washing, etc. in order that they may better understand the 
reason for what is done and also be better able to handle unusual 
conditions which may arise. This can probably be better accom- 
plished through group instruction where authorities on various 
phases of purification can deliver lectures upon their particular sub- 
ject. One short school of this type was held in 1931 under the 
auspices of the State Department of Health and the Mayors Confer- 
-ence. We hope that we will be able to hold more such schools at 
regular intervals in the future. 

LICENSING OF OPERATORS 
-_It has been very discouraging, however, to work two or three years 
with an operator and train him to the point where he understands his 
plant and the peculiarities of that particular water, when for no 
reason other than the fact that the political complexion of the munici- 
pal board changes he is removed and another man with absolutely 
no knowledge of water treatment is appointed. 
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In order to make further advancement in improving the treatment 
of water supplies there is a very definite need of state regulation, in 
some form, of the minimum qualifications of persons operating water 
treatment plants. Persons who want to do land surveying must 
demonstrate that they are properly trained and possess proper quali- 
fications, and for many years there have been requirements that any- 
one who desired to carry on a plumbing business must demonstrate 
before an examining board that he knows how to wipe a joint 
properly and vent a fixture trap. In neither of these occupations is 
any serious health hazard involved. Yet there are many water 
treatment plants, the improper operation of which will menace the 
health of the entire community and no qualifications are required 
of the persons appointed to operate them. 

In view of the responsibility which rests upon the treatment plant 
operator in protecting the health of his community it appears only 
logical that legislation should be enacted authorizing some state 
agency to set up minimum qualifications of different grades for per- 
sons appointed to operate the several types of treatment plants. A 
number of the other states have already passed legislation requiring 
operators of both water and sewage treatment plants to be licensed 
in a manner similar to that applying to professional engineers in this 
state. If it were necessary to appoint as water treatment plant 
operators persons holding certificates showing that they were quali- 
fied to operate such a type of plant, much of the unwarranted turn- 
over of plant operators in small plants would be avoided. 

Another phase of plant operator training which has proven very 
successful in some states, particularly in supplementing the more 
elementary training provided by the personal visits to the plants and 
the short school, is the conference of water works operators. This is 
more in the nature of a meeting similar to our section meetings de- 
voted strictly to matters dealing with water purification, plant opera- 
tion problems, and new methods of treatment under development. 
There are now in this State a sufficient number of operators suffi- 
ciently trained and experienced in purification plani operation who 
would be glad to take part in such a conference and who would gain 
much benefit from such meetings. It would be an excellent thing 
for this section to foster such an organization with the codperation 
which this Department will be glad to give you until such a time 
as it is able to stand on its own feet. 
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866 DISCUSSION wea, 


THORNDIKE SAVILLE (Professor of Hydraulic and Sanitary Engi- 
neering, New York University, New York, N. Y.): Papers along the 
lines of this one by Mr. Bates ought to be given with some frequency 
by the Section, for it cannot be too frequently stressed to the responsi- 
ble officials of cities and water works departments that the operation 
of a water purification plant is a process which requires highly spe- 
cialized knowledge. The actual dollars and cents saving possible 
from scientific operation of water purification plants, to say nothing 
of insurance against disease, warrants the very best trained operators 
that a municipality can obtain. 

Mr. Bates has described the three methods of training filter plant 
operators: namely, graduates from educational institutions having 
special courses in sanitary engineering; intensive but less complete 
training through attendance at short schools; and individual instrue- 
tion at plants by engineers from the state board of health. 

Mr. Bates has mentioned the method in use in North Carolina. 
Inasmuch as the writer, in coéperation with Mr. H. E. Miller, 
formerly Chief Engineer of the North Carolina State Department of 
Health, was largely responsible for developing that system, a few 
words concerning it may not be amiss. The University of North 
Carolina placed special emphasis in the sanitary engineering courses 
upon the problems which would confront filter plant operators in the 
State. The students were given actual laboratory experience in 
operation of a nearby water purification plant, and performed all of 
the tests utilized in the operation of such a plant. Through the 
coéperative system, certain of the students actually spent from three 
to four months in plant operation somewhere in the State as part of 
their college training. To my mind this system has great advantages 
in the training of adequate filter plant operators. The students work 
in pairs in their senior year. 

A given filter plant will provide a subordinate position for a sanitary 
engineering student. One of the men of the pair will be on the job 
during the entire year. When he is in school, his alternate is on the 
job. Asa result, when these two men graduate they have had not 
only the theoretical training at college, but are familiar with actual 
It is hard to conceive of a better way for 
training men competent to properly operate water and sewage treat- 


ment plants. 


On its part, the State Board of Health codperated by keeping in 


- touch with municipalities having filter plants, and suggesting to the 
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responsible officials the names of recent graduates whom the State 
board of Health engineers had interviewed and whose careers they 
have watched and who have impressed them as being likely to make 
good operators. Once a young engineer has obtained a position of 
this sort, the State Board of Health continues to watch his work, and 
if he develops and proves satisfactory, he is in line for advancement 
to a larger plant and better position when opportunity arises. In 
this way competent young engineering graduates are attracted to 
the sanitary engineering field as plant operators, knowing that they 
will be under observation by competent authorities, and that there 
is a real career ahead of them in that kind of work. 

For the non-technically trained man short courses given in the so- 
called short schools may be most helpful. In this sort of training, 
however, it is my personal conviction that most short schools have 
tried to cover too much ground during each school. I believe that 
it would be better if a short school were held each year, and if some 
two or three related subjects were concentrated upon during that 
particular year, leaving other subjects to be concentrated upon during 
other years. Those in attendance at these schools would thus be 
enabled to get something more than a smattering of the subjects 
covered. It is realized that this proposal interposes some difficulties, 
because the short schools ought necessarily to be held in different 
parts of the State so that in the course of a few years as many men 
as possible can easily attend them. For this reason, the practice 
has usually been to cover almost the whole field of sanitary engineer- 
ing during a week’s school. However, it is believed that some com- 
promise could be worked out as between the rather sketchy courses 
which have been given heretofore, and the more intensive work 
suggested. 

The manuals prepared by the engineers of the State Board of 
Health are unquestionably the very best of their kind which have 
been developed in this country. They are of inestimable assistance 
not only to filter plant operators, but also to educational institutions 
in presenting the more practical aspects of filter plant operation. 
The State Board of Health is to be highly commended for the prepara- 
tion and frequent revision of these manuals. 

It should be realized that there is almost no branch of engineering 
which is developing more rapidly and which has more technical 
ramifications than that of filter plant operation. It is, therefore, 
essential that filter plant operators be continually alert to keep 
abreast of recent trends. 


(Presented before the New York Section meeting, April 20, 1934.) ian 
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THE IMPORTANCE OF A WATER WASTE SURVEY IN A 

1 bet ani 

 (Pitometer Company, Albany, N.Y.) 


The question is often asked, ‘‘What is the use of our spending good 


money for a water waste survey? Ours is a gravity supply and the 
water costs us nothing. We charge only for delivering it.” Of 
course, this is a fallacy. Water is a cheap product. In the raw it 
costs nothing, and if the rate charged is 15 cents per thousand gallons, 
the commodity is being delivered for less than 4 cents a ton. Truly 
this is not an alarming price when you consider that it has been col- 
lected on a protected and policed water shed, transported perhaps a 
long distance through large conduits or aqueducts, and delivered 
under pressure to the purchaser in a pure state. 

In spite of its cheapness, this product may have great value. This 
is particularly true when (1) the source of supply is low, due to insuffi- 
cient rainfall, (2) when there is only one supply main, and that breaks, 
(3) when the source disappears, (4) when a utility commission is 
considering a rate case, and (5) when the consumption becomes so 
great that the main cannot deliver enough water. 

The first case, low supply, is the nightmare all too fresh in the 
memories of many of us in the recent dry years. 

A good example of the second case is Watervliet, N. Y., which de- 
pends on some 14 miles of 20-inch pipe between the dam and the 
city. In 1928 a section of this main burst, and, before it could be shut 
off, some 160 feet of it had been washed away and the hole resulting 
from the wash was so large that it was simply too big to fill, so 325 
feet of new main was laid around the area eroded, at considerable 
extra cost. When the water was finally turned on again there was 
less than 6 inches of storage left in the clear well. 

During the recent flood in Vermont many cities, notably Barre, 


Vermont, and North Adams, Mass., lost long sections of supply 


main which were never recovered, and had to be entirely replaced. 
In all of these cases, the small amount of water in local storage became 
tremendously valuable and the item of waste became vital. © ai 188M 
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a In Bessemer, Ala., the spring from which the city drew its supply — 

. suddenly disappeared, and it was days before an emergency main > 

could be laid on the surface of the ground to nearby Birmingham. __ 

A A fourth, and often important aspect of waste, lies in the findings — 

of Public Service Commissions in the fixing of water rates for private 

water companies. They have been known to point out vividly the 

futility of asking for higher rates when the utility is being hr 

so inefficiently that the waste in the system is excessive. es 
It is with the last feature, however, insufficient main capacity, a 

d that we are concerned today. The example that we offer is = 


‘! case of Utica, N. Y. 
if 
t ¥ UTICA AS AN EXAMPLE d 


. Utica is a city of 110,000 population, but all or parts of 8 other 
y towns are included in the system, so there are approximately 118,000 
- people supplied with water. The water system is owned and operated 
by the Consolidated Water Company. The system contains 255, 
| miles of cast iron mains, and all of the services, including fire sup- 
plies, are metered. No purification other than chlorination is me 
essary. 
. The principal source of supply is West Canada Creek, flowing 
southwesterly to the Mohawk River from the Adlecadogk region. © 
The dam and impounding reservoir, named Hinckley Reservoir, with __ 
) a capacity of 25 billion gallons, were built by the State as a feeder ‘ 
for the Barge Canal, the Water Company having the right to take a 
. maximum of 56 M.G.D. for water supply purposes. Water flows by 
gravity from Hinckley Reservoir to the city through 25 miles of sss j 

iron mains, ranging from 16 to 24 inch in diameter. The most impor- 
tant link is a single unsupported length of 12 miles of 24-inch main. _ 
Near the city line are iocated the Marcy and Deerfield Reservoirs, . 
of 15 and 98 million gallons capacity, respectively, and there is also — 
a balancing standpipe in the line. X 

As the city is largely on the side of a hill, it is divided into three — 
pressure zones, High, Intermediate and Low, to avoid excessive 
pressure in the lower sections. In each zone the pressure ranges 
from 20 to 125, and will average 60 pounds. Water is supplied to — 
the Intermediate zone through pressure reducers, and reduced again 
to the Low Service. ' 

The High service is supplied from a different source, namely, the 
Graefenburg Reservoir, 3 miles south of the city, with : a capacity of 


Ger 


25 million gallons. A small tank of 250,000 gallons capacity, acts 
as a balancer and is within the city limits, but on the opposite side 
of the city. 

There are seven storage tanks and reservoirs in the city, so that 
in addition to the 25,138,000,000 gallons storage capacity outside 
the city, there are 650,000,000 gallons in storage within the city limits, 

There are several small local sources of supply but these are negli- 
gible in dry weather. 

During periods of high consumption, the flow through the main 
supply from Hinckley can be increased about 2 M.G.D. by a 
booster pump. 

Although all services are metered, in 1932 only 61 percent of all 
water reaching the city was sold to customers. It has long been the 
custom of the Water Company to compare sales with total consump- 
tion as a check on the tightness of the system. In 1923 the sales 
amounted to 87 percent, but this figure decreased yearly, to 1932, 
when it reached the low figure of 61 percent. 1933 will long be re- 
_ membered as the dry year, and the consumption in Utica had 
- inereased from a normal of 12,700,000 G.P.D. to the point where in 

June, 1933, it amounted to 16,800,000 G.P.D., 30 percent above 

normal, and some days reached hourly peaks of 22 G.M.D. or 85 
percent above normal. 

The maximum capacity of the 24-inch main from Hinckley, even 
with the booster pump running, is only 15,000,000 gallons per day, 
so with a 17,000,000 demand it was evident that something must be 
done at once. 

_ It was obviously impossible to parallel the 12 miles of 24-inch sup- 
ply on short notice, so the Company’s attention was directed to that 
39 percent of water they brought to the city and lost. 

The survey which we made resulted in locating and stopping 
3,000,000 G.P.D. in waste, or 21 of the missing 39 percent. The 
consumption was thus brought down to 9,600,000 which was well 
within the carrying capacity of the main supply. In one month’s 
time, at the peak of the drought, 80,000,000 gallons of wasted water 
were saved, and that 80,000,000 gallons at that time, was just the dif- 

.“ ference between giving and not giving service. In addition to the 

a leakage stopped, we found that 642,000 G.P.D. were being donated 

unknowingly to customers through defective meters. 
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Checking distribution system 

e ‘In making the survey we first wanted to be sure that the basic 

data were correct, so all of the master meters were checked for accu- 

t 7 racy and the necessary adjustments were made. Recording pitome- 

° ters were then set at each point where the distribution system was 

; fed, from either a reservoir, or pipe line. The combined records of 

- | June 27-30, showed the A.D.C. to be 16,872,000 G.P.D. and the 

--M.N.R. to be 10,145,000 G.P.D. or 60 percent of the average. 

a - -The entire distribution system was then divided into 23 small dis- 

A - triets and the total and night flows into each was measured. This 
showed at once that there was more waste in some parts of the city . 

than in others. In fact, two districts were so tight that no further - 

; investigation was made in them. 

‘ In the remaining 21 districts the night flows were so high that 

, excessive waste was indicated. These districts were further sub- 
divided so that the night flow in each block was measured. Needless 
to say, in the vast majority of cases the individual blocks when cut 

| out proved to be tight or to contain a negligible amount of waste. 

However, a large number showed high rates. In all, 86 underground 


leaks were located and stopped, which were wasting 3,000,000 G.P.D. 
They were divided as follows: 


18 abandoned services.......... 742,000 
unfinished 
24 percent of the 
if average. 


This in itself was quite a saving, but as the leaks were repaired, — : 
the flows in the mains decreased and the pressure went up. Time 
after time it was necessary to throttle down the regulators to avoid 
excessive pressure. Finally, it was possible to keep the tanks and 
balancing reservoirs full with approximately 20 pounds less pressure 
at the regulators. This reduced pressure over the system effected 
a further saving in water, so that the net result of stopping 3,000,000 
G.P.D. in leakage, was to reduce the total consumption by 4,174,000 


> 


wie 
— EAURENCE Cc. HOUGH [J. A.W. 

At the start of the survey, the high service consumption was 518,000 
G.P.D. The water level in the collecting and storage reservoir at 
Graefenburg was falling at the rate of 2 inches a day while the 
balancing tank at New Hartford at the other end of the system had 
never been known to fill. At the end of the survey, the total con- 
sumption was 233,000 G.P.D. The Graefenburg Reservoir was 
rising at the rate of 2 inches a day and the New Hartford Tank had 
to be throttled down to keep it from overflowing. This was a 55 
percent reduction. 

In the Intermediate Service, the average daily consumption at the 
beginning of the investigation was 2,500,000 and at the end it was 
1,100,000 G.P.D. or a 56 percent reduction. 

‘The survey of the High and Intermediate Services was completed 
before the hot weather was over. 

The work in the Low Service extended into the late fall so that the 
resulting drop of 5,461,000 G.P.D. or 43 percent was largely seasonal, 
and only about 14 percent was due to the survey. 

During the course of the work 4 valves were found broken, 21 were 

. found closed, 17 left handed, and 27 with miscellaneous defects. 
Five valves were broken while being operated. 
An analysis of the situation in Utica at the close of the survey is 
follows: 
Taking the average daily consumption for 1932 (12,760,000) as 


100 percent, the distribution of the load in 1932 was: 

percent 


oe 21 then her 
If an arbitrary allowance of 3,000 gallons per mile of main per 
day is made for the unavoidable loss in 255 miles of mains, another 
763,000 G.P.D. or 6 percent could be charged off, leaving a net balance 
920,000 G.P.D. or 7 percent for unmetered use, meter slippage, ete. 
This is a very satisfactory record. 

_ The above figures are of course theoretical. In practice the ac- 
counted for water fell 6 percent short of the amount predicted. Due 
to the staggering of meter readings, it would take a full year to reveal 
=e the true effect of the survey, and in the meantime there has been an 
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unusually severe winter which sent the consumption to 14,000,000 ‘o 
again. But that is another story. Approximate figures are com- 
puted each month based on one-third of each of the last three months 
readings, and these are compared with the amount actually delivered 
into the system as recorded by the master meters. 

After all the leaks were stopped and final adjustments were made 
on the pressure regulators, the amount of water actually sold in 
January, 1934, was 81 as against 61 percent at the start of the survey. 

The experience in Utica confirms our oft repeated assertion that in 
an intelligently and efficiently operated water works the meters 
should record 85 per cent of the total consumption. 

The survey was started June 27 and completed November 27, 1933. 
The total cost of the work was approximately $17,500.00, including 
labor, materials and transportation, and engineering services. This 
is the equivalent of $5,800 per million gallons per day saved. 
| The stopping of leaks is like creating new supply. Main capacity 

previously used to carry water to be wasted, can be used to carry 

water for sale. To state it another way, stopping 3,000,000 G.P.D. 

ite _ of waste in Utica had the same effect as a brand new pipe line of 3 

€ .G.D. capacity all the way to the source of supply. To have 


achieved this result would have required the construction of 18 miles 
14inch pipe in 5 months. Neglecting the time factor which makes 
- the comparison almost ridiculous, the cost of materials and labor 
would have been about $290,000.00. 
a This survey in Utica has established a system for the control of 
waste. The gauging points have been made permanently and easily 
accessible and whenever the unaccounted for water exceeds 15 per- 
cent, the trouble can be localized in a very brief time. The need for 
a parallel supply main is recognized as a sound provision against 
unforeseen emergency, but its necessity has been deferred until some 
future time when we hope financing will be easier. 

Waste in a gravity system zs an important factor, and it should 
not be neglected until the last moment. To curtail waste is the 
cheapest insurance you can buy against drought, and it creates an 
added sense of security against that inevitable time. 

(Presented before the New York Section meeting, April 20, 1934.) 
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THE FORT PECK DAM ON THE MISSOURI RIVER _ + 

By Tuomas B. LarkKIN 

(District Engineer, U. S. Army, Corps of Engineers, Fort Peck 
Engineer District, Glasgow, Mont.) 


The dam is located on the Missouri River approximately twenty 
miles from the town of Glasgow, Montana. It will be constructed 
of earth by the hydraulic process. The total length of the dam will 
be approximately 20,000 feet with the principal portion approxi- 
mately 9,000 feet in length, and a maximum height of 230 feet above 
the bed of the river; the smaller portion being about 11,000 feet in 
length on the left oe This latter portion is more in the nature of 
_a dike and will vary in height from zero to sixty feet; it is planned to 
build this portion by the roll-fill method rather then hydraulically. 

The entire dam will require about 90,000,000 cubic yards of earth. 
For the upstream and downstream toes and facing on the upstream 
slope, a total of 5,000,000 tons of gravel and 3,000,000 tons of rock 
will be used. A steel sheet piling cut-off wall or diaphragm will be 
driven to firm shale along the center line of the dam. A roadway 
will be constructed on top of the dam. 

The reservoir created will have a maximum depth of 230 feet and 
an area of approximately 250,000 acres; a maximum length of 175 
miles; and approximately 2500 miles of shore line. The maximum 
capacity of the reservoir will be approximately 20,000,000 acre feet. 
The required time to fill the reservoir after completion is problemat- 
ical since it depends upon the flow of the river, but based on discharge 
records over the past 40 years, four years will be necessary. 


There are four reasons for the construction of this dam: (1) navi- 
gation, (2) irrigation, (3) power, and (4) flood control. The emphasis 
will be placed upon navigation. It is estimated that approximately 
50,000 horsepower will be produced at the start. 


i PURPOSES OF THE DAM 


DIVERSION TUNNELS 
Four diversion tunnels will be constructed with an average length 
of 6160 feet. These tunnels are cut through the bluffs on the right 


| 


VOL. 26, NO. 7] FORT PECK DAM 875 
i 


bank of the river in order to take advantage of the excavation in Bear 
Paw shale which outcrops to the ground in this vicinity. Each 
tunnel will be 26 feet in diameter, steel lined, and with a concrete 
shell. These are designed as pressure tunnels and will be controlled 
by valves and gate shafts extending from the top of the bluffs to the 
tunnels below. These shafts will have a height of 242 feet. The 
tunnels will require approximately 2,000,000 cubic yards of excava- 
tion and 500,000 cubic yard of concrete. 
yd jon OP ae 


SPILLWAY 


Beyond the decision that the spillway will be located on the right 
bank of the river and will be designed to pass approximately 300,000 
second feet, nothing definite can be stated at this time as this feature 
is still in the planning stage. The problems in spillway design are 
(1) to get the water back to the river as soon as possible and (2) to 
construct the spillway with the minimum excavation. It is estimated 
that 8,000,000 cubic yards of excavation will be required and 300,000 
cubic yards of concrete in the construction. ivory (ibe ad 

any 101 jel nad 
SUB-SURFACE INVESTIGATIONS 


Adequate borings and test pits have been or will be made at the : 
cites of the dam, tunnels, and spillway; these being vitally necessary aa 
for foundation studies and the determining of the nature of the soil r 
available for building the dam. Extensive soil and water analyses 
have been conducted and many necessary tests have been made. 


COMMUNICATION 


When work started in October, 1933, the only highway available | 
from Glasgow to the dam site was an unimproved dirt road. This 
has been maintained and improved by Government forces, and the _ 
State of Montana is now engaged in the construction of an oiled road 
which is scheduled for completion during the coming summer. Rail-— 
road facilities to the dam were immediately required and construc- 
tion was commenced in December, 1933, of a line from Wiota on _ 
the main line of the Great Northern to the dam site. This line, ap-— 
proximately 13 miles in length, was completed and officially opened __ 
on April 16, 1934. Construction was performed by hired labor and Fe - 
Government plant. It is estimated that the project will require the __ 
movement over this railroad of 9,000,000 tons of material, equivalent _ 
$4000 fifty car trains.) oc! of? mort” 
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It was decided that the most economical method of securing elec- 
trical energy for the operation of the dredges would be to utilize 
available power of the Montana Power Company. Accordingly a 
power line approximately 280 miles in length is under construction 
from Great Falls, Montana, to the site of the dam. This will be a 
154,000 volt line and will transmit a maximum of 62,000 horse- 
. power. Four hydraulic dredges will be utilized for the construction, 

~ mounted on hulls 40 feet by 70 feet, and each requires with its booster 
pumps a total] of 12,500 horsepower. The pipe line will be 28 inches 

In order to house the personnel of both Government and contrae- 
tors required for the construction of the dam the town is now being 
_ built on the left bank of the river. The town is designed for 6,000 
"persons, but is laid out so that additional accommodations can 
be readily provided when and if necessary. Contracts have already 
been let for gas supply, water supply, sewage disposal, streets, and 
a portion of the buildings. The remainder of the items for the 


town are advertised and will be let shortly. ROT NCUpSIAS 
at ol) 
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WATER SUPPLY 


‘ The water supply is designed for 10,000 people, although the prob- 
able maximum is 6,000. The average daily consumption is estimated 
at 133 gallons per capita. Three centrifugal electrically operated 
pumps will receive the water through a tunnel. These will each 
have a capacity of 700 gallons per minute against a head of 390 foot. 

_ The water will be given preliminary sedimentation in a basin of 84,000 
gallon capacity allowing one hour’s nominal detention. Lime and 
~ alum will be added after which the water will be aerated for the pur- 
pees of mixing the chemicals, and this will be accomplished in a 
mixing basin of 41,000 gallon capacity, giving a nominal detention 
period of thirty minutes. The water will then pass through a set- 
tling basin with a capacity of 585,000 gallons (seven hour’s detention). 
After this it is again mixed with a small amount of alum and passed 
. through a basin of 41,000 gallon capacity from which it will pass to 
i, i four rapid sand filters with 18 inches of gravel and 24 inches of sand. 
. _ The nominal filtering capacity will be 500,000 gallons per filter per 
day. From the filters, the water will pass to a concrete reservoir 
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(1,000,000 gallons) on the high ground adjacent to the dam. From 
this reservoir there will be a 16-inch main to the distribution system. — 
The elevation of the reservoir is such as to give a pressure in the dis- — 


tribution system of 33 pounds per square inch. 


EMPLOYMENT 


On April 15, 1934, there were 2,200 people at work, 1,600 of whom > 
were Montanans and 400 of whom were from outside the State. 
This number of people at work includes all government employees 
and contract laborers. 

(Presented before the Montana Section meeting, April 21, 1934.) 
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AMMONIA- CHLORINE D TREATME! NT OF WATE R IN THE 
PACIFIC NORTHWEST 


S 
tate Sanitary Engineer, Portland, Ore.) 


The use of the ammonia-chlorine process has been known for about 
thirty years, but Race (1) at Ottawa, Canada in 1915 and McAmis 
(2) at Greenville, Tennessee, in 1926 were the first in their respective 
countries successfully to apply the process in water purification 
plants. Many articles have appeared in the literature of recent 
years describing the process and the results obtained by its use in 

various localities. In a relatively short time this method of water 
treatment has become widely used in this country. To date, ammo- 
nia installations have been made to treat public water supplies in 
eighteen of the cities of the Pacific Northwest; nine of these are 
located in Oregon, five in Washington and four in Idaho. Of this 
number, two plants, located at Wenatchee, Washington, and Twin 
Falls, Idaho, have discontinued ammoniation. 

The use of ammonia with chlorine to form chloramines has been 
advocated : 

1. To prevent development of phenolic and nie 

2. Toprevent chlorinoustastesand odors = 

3. To prevent bacterial and plankton after-growths in reservoirs 

and distribution systems and 

4. To improve the bacterial quality of tap water. 

Chlorine is a powerful oxidizing agent. Chloramines are less 
active. It may reasonably be expected, therefore, that the use of 
ammonia should be successful in attaining some of these objectives. 
In this process a deliberate use is made of the fact that chloramines 
have a lower oxidation potential than chlorine (3). It follows then 
that for relatively short periods of contact, chlorine is a far more 
efficient bactericide than an equal quantity of chloramine. If the 
contact period is prolonged, however, chloramines may equal the 
bactericidal efficiency of chlorine and in some cases apparently exceed 
the results secured with chlorine alone. ; 
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That an appreciable lag in sterilization exists when ammonia is 
used has been clearly demonstrated by various investigators (4, 5, 6). 
Further, it is known that the efficiency of bactericidal treatment 
decreases as the pH of the water increases (4), and that lower tem- 
peratures decrease and higher temperatures increase the efficiency 
of bacterial action (4). The relationships between pH, temperature 
and bactericidal efficiency hold for chlorine as well as for chloramines. 

Repeated laboratory studies and observations in plant operation 
have shown that a contact period of at least 30 minutes to 2 hours is 
necessary to insure safe water. In other words, after the addition 
of ammonia and chlorine to a given water, the contact or detention 
period provided, whether it be in a pipe line, sedimentation basin, 
purification plant, or reservoir, must in no case be less than 30 minutes 
before the water reaches the nearest consumer. In some waters a 
2 hour minimum period may be required to insure safety. The higher 
the ratio of ammonia to chlorine the greater is the lag in bactericidal 
velocity. 

In most cases it is inadvisable, if not impossible, to hold more than 
a trace of chlorine in the distribution system. If chlorine as meas- 
ured by the orthotolidine test is present in the form of a chloramine, — 
residuals as high as 0.4 to 0.5 p.p.m. may be maintained at taps with-— 
out the usual chlorinous odor and taste. 

When ammonia is added to water prior to chlorine, the principal 
compounds formed are monochloramine (NH2Cl) and dichloramine 
(NHCl.). Below pH 4.4 nitrogen trichloride (NC!) is formed. 
Between pH 5.0 and pH 8.4 various amounts of monochloramine __ 
and dichloramine are formed, and at pH 7.0 about 50 percent ofeach =| 
form will be present. At the high pH values of 8.4 or above only 
monochloramine is produced. On the acid side of the scale, below — 
pH 7.0, dichloramine predominates (7, 8). Practically all water 
supplies in this section of the country as well as most others have pH _ 
values between 5.0 and 8.4. Water works operators, therefore, are 
treating water in which a mixture of the two forms of chloramine 
will be formed. 

Ammonia is usually added in an anhydrous form by a machine - 
provided with accurate orifice control. It may also be added in the — 
form of ammonium sulphate, especially in connection with the a - * 
tion of filtration plants in which this chemical either alone or w ith | 
aluminum sulphate may be used as a coagulant. 


In usual practice ammonia is added ahead of chlorine to insure its : & 
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adequate mixing with all of the water before chlorine is applied. In 
some cases this procedure may not be desirable, e.g., a deep well 
water with low chlorine demand pumped direct to a distribution 
system in which only a short contact period is available before use, 
Chlorine may in such installations be added for immediate steriliza- 
tion and ammonia added later to prevent chlorinous taste by the 
formation of chloramines. 

In the Pacific Northwest, Pocatello, Idaho, in June, 1930, was the 
first city to use the ammonia-chlorine process. All of the installa- 
tions in this section of the country are listed in table 1. Of the eight- 
een ammonia installations, fifteen have been made to treat surface 
waters and three to treat deep well waters. Taste and odor control 
has been the objective in most instances. Other installations have 
been made either for more efficient sterilization or for both taste 
control and prolonged sterilization. A study of the data indicates 
that ammoniation of Columbia River water at Wenatchee, Wash- 
ington, and Snake River water secured from an irrigation ditch at 
Twin Falls, Idaho, has been unsuccessful. Chlorinous tastes and 
odors in the distribution system at Weiser, Idaho, have been pre- 
vented by ammoniation of Snake River water, but organic and 
chloro-compound tastes have not. Activated carbon has been found 
helpful at this filtration plant. Apparent success has been reported 
in almost all other cities. Northrup to date has had insufficient 
experience properly to pass upon the efficacy of the process at Eugene, 
Oregon. 

The failure of a certain process in some instances may increase our 
knowledge of the subject far more than its success. Walter at Twin 
Falls, Idaho, reports successful results with heavy pre-chlorination 
followed by post chlorination of filtered water after ammonia had 
apparently increased rather than decreased taste troubles. At 
Wenatchee, Washington, Sharkey reports attempts to control taste 
and odors by ammoniation unsuccessful. Activated carbon was 
also tried at this plant without apparent success. The taste and odor 
producing substances at Wenatchee are apparently due to plankton 
in the Columbia River water. By way of explaining the failure of 
the process in some instances, it may be said that if chemicals or oils 
of various organic substances such as some forms of plankton are 
present in water, and to which chlorine exhibits about the same 
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affinity as it does to ammonia, then the addition of ammonia will not 
successfully control or prevent the formation of obnoxious chloro- 
compounds. Further, if the taste producing substances are not 
- acted upon by chlorine alone, then the addition of ammonia will not 
_ be helpful in either preventing or eliminating tastes. 
_ The ammonia-chlorine treatment of stored surface waters in the 
Pacific Northwest for both prolonged sterilization and taste control 
has been successful in most cases. Ammoniation has obviated diffi- 
--_ eulties in securing tap samples which consistently meet the Treas- 
-ury Department standards at Portland and Astoria, Oregon. 
- Chlorination in these cities resulted in sterile water being delivered 
at the end of transmission pipe lines, but confirmation of coli-aero- 
a genes group organisms in tap samples was frequent enough to indicate 


recontamination of water in large, open distribution reservoirs. In 
_ both Portland and Astoria taste improvement has resulted, at least 
in certain times of the year, in conjunction with the more satisfactory 
bacterial quality of tap water. At Portland, Morrow and the writer 
; J have found tap residuals of 0.01 p.p.m. chloramine after approxi- 
mately two days storage in open reservoirs when treatment at the 
_ headworks on the Bull Run River has been sufficient to provide a 
residual of only 0.15 p.p.m. twenty to thirty minutes after application 
of the chemicals. Dosage under these conditions has been one-half 
pound of ammonia and two pounds of chlorine per million gallons. 
A review of the data from this section of the country shows that 
- in most cities the cost of ammonia and chlorine together is about the 
same or slightly greater than that for chlorine alone. At Redmond, 
_ Oregon, where irrigation ditch water diverted from the Deschutes 
River is treated, a pronounced saving has been made in cost of 
4 _ chemicals. At two other Oregon cities, Astoria and Roseburg, 
it has been demonstrated that a saving in chemical cost can be secured 
by ammonia-chlorine treatment. 
Ammoniation has been employed successfully in a number of 
industrial plants in the Northwest. Operators of pulp and paper 


mills have found it particularly helpful in controlling organic slime 
growths in close water systems. Chlorine alone cannot be used suc- 
cessfully in these plants because it so readily combines with organic 
matter and is, therefore, not available for the purpose intended. 
The efficiency of condensers can be materially increased by the use 

of chloramines to eliminate slime growths. 
In the field of swimming pool sanitation the process is quite useful. 
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High chloramine residuals can be maintained in pool water without 
irritation to bathers. Chloramines are not nearly so affected by the 
actinic rays of the sun as is chlorine. Pools equipped with recircula- 
tion systems including filters generally secure ammonia by the use 
of ammonium sulphate as a coagulant. Swimming pools in Portland 
city parks are treated with ammonia-chlorine by the means of recir- 
culation systems installed for the express purpose of adding a dis- 
infectant to the water. ug 
gis totew of 
CONCLUSION 
In conclusion, it may be said that the ammonia-chlorine process 
of water treatment has its limitations. It is not a cure-all and has 
by some people been too widely advocated. Nevertheless, it has a 
decidedly useful and advantageous field of application. Experience 
of water works men in cities west of the Cascade Mountains has shown 
it to be generally successful. In two cities east of the Cascades it 
has not been as successful as was hoped. This treatment will in most 
cases prevent chlorinous tastes and reduce bacterial and plankton 
aftergrowths in distribution systems. Tastes and odors arising from 
the combination of chlorine and phenolic or organic compounds can 
often but not always be prevented. Tastes caused by substances 
which chlorine neither eliminates nor accentuates are not generally 
affected by ammoniation. If success is to be attained in taste con- 
trol, it is essential that the process be used to prevent the formation 
rather than the elimination of unpleasant tastes. 
(Presented before the Pacific Northwest Section meetang, May 
11, 1934.) 
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THE SIGNIFICANCE OF MINERAL MATTER IN WATER 


(University of California, Berkeley, Calif.) 

Minerals in water are important or not relative to the purpose for 
which the water is used. For drinking, a little calcium bicarbonate 
imparts an agreeable taste to the water. But when a lady washes 
her hair, calcium in the water makes it hard so the soap coagulates 
and makes the hair sticky. In table 1 are listed a number of purposes 
for which water is used with an indication of the kind and amount of 
several minerals which may be agreeable or undesirable. The figures 
are only tentative. Another person would be likely to give other 
limits. 

The mineral matter contained in ordinary water is dissolved from 
_ the rocks and soils over or through which the water has passed before 

it reaches the consumer. A small amount of mineral matter is com- 
monly added at city water works to clarify the water before it is sent 
-toconsumers. The chief ions commonly found in water are calcium, 
magnesium, sodium, carbonate, bicarbonate, sulfate, and chloride. 
Very small amounts of silica, iron, iodine, fluorine, boron, and others 
are usually present, and may, some of them, be extremely important 
for certain purposes. A water is characterized by the kind, amount 
and proportions of the ions which it contains. Mine waters some- 
times contain sulfuric acid, iron, copper, arsenic, etc., but these 
minerals are not common in most ordinary waters. In humid cli- 
_ mates, the natural waters usually have only low concentrations of 
__ minerals, but in arid climates the waters are frequently very saline. 

_ This is because the rainfall is not sufficient to carry away to the ocean 

| ef the minerals gradually becoming soluble from decomposition of rocks 
and soils, so when it does rain a strong solution of mineral matter is 
vj produced. However, the mineral character of the water is extremely 
variable, depending on the kind of rocks, soils, ete., over which it has 

passed. 
_ A brief survey of a number of purposes for which water is used with 
=i ’ discussion of the effects of various minerals for those purposes is 
presented. 
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For drinking, a small amount of lime and magnesia in the form o 


bicarbonates are desired, both for health and for palatability. Usu- 
ally people do not like pure water to drink. Alkalinity due to car- 


TABLE 1 

Desirable and objectionable mineral matter in waters for several uses ) 
(Figures indicating amounts in this table are to be taken as merely suggestive, 
—not absolute) ) 

MINERAL CONSTITUENTS AS IONS ) 


USES Desirable or permissable | Undesirable or objectionable 


(Figures indicate p.p.m. of the ions) 


Domestic: 
— Ca Mg Li HCO; I CO; SO, Cl Fe F 
vein 30 10 5 150 0.01| 2 1002000501 


Cooking........ lo Same and SiO, 


(| NaHCO, Ca Mg C1 80,Fe 

10 60 10 5 500 500 0.1 
Laundry.......... None All 


{ Ca Mg K NO; PO, Na Cl SO, CO; B 


Irrigation........ 


| 40 20 10 100 200 10 0.2 
Manufacturing: 
Ca Mg SO, Cl HCO; Fe 
None or very 10 5 100100 200 0.1 
‘had 
: Ca Mg SO, Cl HCO; Fe 
50 200 20 20 
Steam Boiler... .. None Ca Mg SO, HCO; Cl 


5 5 100 100 100 


bonate is unpleasant and the salinity caused by sulphate and chloride — 
in considerable amounts is not liked by people accustomed to good — 
water, although some who become used to saline waters find good _ 
waters flat and tasteless. A small amount of lithium in water is | 
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supposed to have medicinal value. A little iodine is important for 
the health, and a little fluorine is equally important for its evil effects 
on the teeth. A trace of iron is agreeable, but much of it is intolerable. 
Small amounts of arsenic, copper or other mineral sometimes derived 
from mine waters are not to be tolerated in drinking water. Deep 
waters may contain hydrogen sulfide, which is undesirable but not 
dangerous. Of course, drinking water should be free from pollution 
of any kind, mineral or organic. For preparation of food and for 
cooking in general, water may have about the same qualities that 
drinking water should possess, though excellent quality is less 
important. 


Carin’ wis om q.« WASHING 7 


Household washing is usually done with the same kind of water 
used for drinking, although this is not always the best for the purpose. 
For washing, a soft water, free of calcium and magnesium, is best. 
It should not contain much chloride or sulfate, and only traces of 
iron may be tolerated. Presence of a little sodium and carbonate 
make it better as a detergent. Hardness and salts tend to destroy 
_ soap and hinder removal of dirt from fabrics. In parts of this country 
_ where rain falls frequently and where the well water is hard, it is 

customary to collect the run off rain water from the house roof in a 
~ cistern or tank. This very soft water is used for washing. In cities 
where water is hard, it is common to install zeolite water softeners 
in homes, hotels, etc., in order to provide soft water. The improve- 
ment of the water by this means is often very advantageous. 


CaSO, + 2NaZ = + NaSO, i 


For commercial laundry purposes, the same quality of water is 
desired as for household washing. On account of the large quantity 
of water which they require, laundries commonly employ some kind 
of softening process to remove most of the hardness from the water, 

instead of using enough soap to remove the calcium and magnesium. 
This effects a great saving in the amount of soap used, and enables 
them to turn out a better quality of finished product at less expense. 
Since a water of zero hardness would be best, distilled water would 
be used if it were not too expensive. In order to have good detergent 
action, the water must form suds with the soap. But if the water 
- contains either calcium or magnesium in solution, suds will not form 
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yntil the hardness caused by those ions has been removed. This is 
done at the expense of the soap as indicated by the reaction =| 


CaSO, + 2NaR = + Na.SO, 


in which the symbol R represents the stearate, oleate, etc., of the 
soap with which the calcium and magnesium of the water form an 
insoluble compound. This appears as a milky curd in the softened 
water. After the hardness has been removed, a little more soap 
easily produces suds with the water. For household softening, when 
a softening system is not available, borax, sodium phosphate, or 
sodium carbonate may be used to soften the water. 


BOILER USE 


Bad water is the cause of much trouble with steam boilers by caus- 
ing foaming, corrosion or incrustation. Probably more scientific 
effort has been spent in the attempt to improve waters for boiler use 
than for any other single purpose for which water is used. To under- 
stand the difficulties attending the use of heavily mineralized waters 
for steam raising, one must realize that when steaming rapidly the 
boiler evaporates water so fast that any dissolved matter in the water 
soon becomes concentrated to the point where it goes out of solution 
and is deposited as sludge in the bottom or as scale on the heated 
surfaces. The sludge consists largely of calcium and magnesium 
carbonates. The scale may contain much calcium sulfate which is 
one of the worst scale formers. Scale on the tubes greatly reduces 
the rate of transmission of heat from the fire to the water, thus 
reducing the power of the boiler. The formation of scale is increased 
if the water contains also a little turbidity and some silica in solution. 
This combination produces a very hard adherent boiler scale which is 
dificult to remove. The bad effects of such waters may be reduced 
by addition of boiler compounds. These mixtures operate by pre- 
cipitating some of the calcium and magnesium and causing floccula- 
tion of the finely divided suspended matter in the boiler water so that 
it settles rapidly and is less adherent to the heat transmitting surfaces 
of the boiler. One of the most effective boiler compounds is sodium 
silicate, ordinary water glass. To this, tannin is sometimes added. 
Sodium silicate has some power to prevent adherence of scale forming 
material to the hot boiler tubes. A great number of mixtures, often 
of little or no value, have been marketed as boiler compounds. Many 
of them have been recommended without the least idea of the char- 
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acter of the water used in the boiler or the effects that might be 
produced by the mixture. 

As a result of the intensive chemical study of boiler water prob. 
lems, it is now possible for a well trained competent water specialist 
to prescribe a successful treatment for almost any kind of bad water. 
One who desires advice of this sort should seek the assistance of 4 
scientist rather than the suggestions of a boiler compound salesman, 
who is sometimes a quack and whose advice may be useless or 
dangerous. 

One of the difficulties in modern practice with high pressures and 
temperatures in boilers is due to reactions among the minerals in the 
water so that corrosion of the steel takes place. Corrosion is largely 
stopped by keeping a sufficient degree of alkalinity in the water, 
But if this is not weli controlled, the alkali becomes too strong and 
causes another trouble known as embrittlement, which greatly 
reduces the strength of the boiler and may cause disaster. 

If the boiler supply water contains much sodium salts, as is common 
in arid lands, the concentration of salts in the boiler soon becomes 
so great that foaming is produced. Then the strong solution must 
be blown out and replaced by new water. So the steam engineer has 
plenty of problems in using impure waters. One remedy is to distill 
the water whereby all impurities are removed, then use the pure water 
in a condensing engine which causes very little loss of water, so most 
of the troubles are avoided. 


IRRIGATION WATER 


Water for irrigating land to grow crops should be quite different 
from good boiler water. The steam boiler needs soft water, while 
the soil should be supplied with hard water. As one scientist puts 
it, “Soft water makes hard land, while hard water makes soft land.” 
This is explained as follows: Soft water is alkaline and contains 
sodium salts which deflocculate the soil, cause it to run together, 
and make it very sticky while wet and very hard and cloddy when 
dry. But hard water contains lime and magnesia, which flocculate 
the soil, keep it from being so sticky when wet, and make it pulverize 
easily when dry. 

The greatest trouble with irrigating waters which must be used in 
dry countries is that they so frequently contain excessive sodium 
salts. When the water is applied to the land, it evaporates leaving 
the salts in the soil until at last the accumulation of salts is so great 
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that there is formed an alkali soil in which plants cannot grow. Much 
the same effect is often produced in arid soils by excessive or untimely 
yse of good water so that the sodium salts already present in the soil 
are concentrated at or near the surface so much that plant life is 
injured. In soils well supplied with lime, the so-called ‘alkali water’ 
containing sodium salts is less harmful. So, water which contains 
considerable lime and magnesia is much more appropriate for irriga- 
sion of sodium-containing soils than the comparatively lime-free 
soft waters coming from melting snow. The hard waters of Salt 
Lake City were found very effective in reclamation of the salt laden 
toils of that region, but the soft mountain waters of California were 
not nearly as good in reclaiming the alkali soils near Fresno. When 
gypsum was added to the soil, thus supplying lime, the improvement 
of the Fresno soil was much more rapid. 

Boron is sometimes found in waters used for irrigating. Small 
amounts of this element seem to be essential for successful production 
of many crops, yet only a little more boron is enough to severely 
injure the plants. Means for overcoming this evil have not been 
found, except to stop using the boron-carrying water. Much injury 
had been done california orchards by irrigating with boron water 
before it was known that the water contained boron. The cause of 
the failure of citrus trees in Ventura County was discovered by acci- 
dent. Some trees near an orange packing house were injured by the 
waste water which had been used to wash the fruit. To aid in clean- 
ing the fruit, a borax soap had been used. This borax hurt the trees. 
Comparison of the injured trees with similar appearing trees in 
Ventura County led to the test for and finding of boron in the irrigat- 
ing water there used. 

For irrigating water, besides lime and magnesia, a little potassium, 
nitrate and phosphate are desirable constituents. However, very 
few natural waters contain enough of these substances to be valuable 


In many kinds of manufacturing, much water is used, and the 
quality of water desired for one may be very different from what is 
best for another. For example, in the making of cloth, a pure soft 
water free from hardness, salts and especially iron, is most satisfac- 
tory. The same character of water would be good in sugar making. 
For making brick, a nites matter in the water may be helpful, 
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but for high grade pottery and porcelain ware, sodium sulfate or 
chloride should not be present, although a little carbonate might 
be helpful in improving the working quality of the clay. Soap 
making needs a relatively pure water. Ordinary paper may be made 
with almost any water, but high grade papers need pure water, while 
the best filter papers require large quantities of the purest water 
obtainable. 


10 TOR 

SUMMARY 
In order to estimate the significance of the mineral matter in a 
water, one must know its composition and amount, and the purpose 
for which the water is to be used. 
For drinking and the usual household purposes, a little calcium 
and magnesium salts are agreeable. The same sort of water is suit- 
able for irrigation, but it may contain more of these salts without 
harm to the soil. 
For steam raising, laundry work, and some kinds of manufacturing, 
the water should contain very little caleium or magnesium, but a little 
sodium chloride or bicarbonate may be permitted, although pure 
mineral-free water is best. Special kinds of manufacturing require 
special qualities of water. On the whole, for general purposes, 
purest water is best. 
(Presented before the California Section meeting, October 26, 1933.) 
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PROTECTIVE COATINGS FOR PIPE LINES | 


[gate Jad 
By Kennet SHIBLEY 11990 0b 


(Consulting Engineer, Seattle, Wash.) 


Protection of steel pipe both on its interior and exterior surfaces 
must depend upon some form of coating applied to the pipe surfaces. 
The problem is twofold: on the exterior, a coating that will resist 
damage in handling, hauling, laying and soil stresses, and corrosion or 
electrolysis after the pipe is in place; on the interior, a coating which 
is resistant not only to corrosion and tuberculation, but one that will 
provide a surface with high initial and sustained carrying capacity of 
long life. 

The losses experienced by the owners of underground piping sys- 
tems due to soil corrosion is enormous. 


With the aid of Brown’s Directory of Gas Companies, Shepard! has esti- 
mated that the value of the gas distribution mains and services in the United 
States is at least two billion dollars. It is safe to assume that the city water 
distributing systems have at least an equal value since many small com- 
munities have water but no gas. Added to this is the investment in oil, 
gasoline and natural gas lines of about one and one-half billion dollars. Hence 
a conservative estimate of the total investment in all pipe lines is five and 
one-half billion dollars. It requires an annual depreciation of only 2.5 per- 
cent, which is conservative, to arrive at a figure of 137 million dollars as the 
annual loss to underground piping systems chargeable to soil corrosion. Lack 
of knowledge as to the most economical and effective means for reducing such 
enormous losses is probably unparalleled in the entire field of construction 
and engineering. 


There have been many types of pipe coatings used. In many cases 
the selection of a coating has been made only after much thought and 
study as to the results that would be obtained. In other cases—and 
ht or study has been given to a 
proper selection. In those cases the idea was generally followed that, 
if a coating material had a satisfactory appearance, passed certain 
laboratory tests, and seemed to stick to the steel surfaces fairly well 
when applied, it would, in so far as could be determined, make a good 


1Sub Committee Report of A. G. A., Scott Ewing, 1933. 
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coating. This is far from true. There is only one test that will 
_ determine whether a coating is good or bad and that test is Time 
It follows then that those materials which have known proven 
qualities to resist the factors causing pipe line disintegration are the 
logical ones to use, provided they are properly applied. 
_ That corrosion and eventual disintegration of underground steel 
pipe does occur requires no brief. It is an accepted condition which 
faces every installation. The extent and rapidity of this disintegra- 
tion depend upon soil and moisture conditions, and exposure to stray 
electrical currents. In every case it becomes a hazard which must be 
guarded against. 

The conditions which require the use of a pipeline as a carrier, 
impose the necessity for economical maintenance of the system itself. 
The hazards of corrosion and electrolysis constantly threaten main- 
tenance costs and the life of a line. Dearly earned experience has 
demonstrated pipe protection to be a necessary factor in every cir- 
cumstance. 

It would be poor business if owners and the underwriters financing 
construction did not insist that when a line is built it will be so pro- 
tected as to outlast the maturity of the loan. It remains to deter- 
mine the kind of protection which will give maximum protection dur- 
ing the installation of the pipe itself and after the installation has been 


completed. 


Pipe protection during installation requires use of an abrasive- proof 
covering. Otherwise the very purpose for which it is used is defeated 
by the possibility of corrosion due to injury to the covering through 
handling, hauling, laying and back filling. 

High-grade cement mortar becomes the ideal covering for use under 
every condition. Reinforced, it is a pipe covering which is not alone 
impervious to rust, but can be used without danger of injury during 
installation. All soils contain more or less moisture. Because of 


this condition there is present, in solution, electrolytes of either an _ ; 
acid or basic galvanic reaction with respect to steel pipe. cree 
from galvanic action due to contact with electro positive iron, mani- 
fests itself in a rapid attack on the steel. Furthermore, the presence 
of the electrolyte offers conductivity to stray external electrical cur- 
rents which tend to disintegrate steel pipe very rapidly. It follows 
that pipe must be carefully insulated against any and all destructive 
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elements. To be certain that 100 percent of the pipeline’s surface — 
is completely insulated becomes the problem. ‘That it has hitherto 
been seldom accomplished is easily demonstrated. 

There are many pipe coatings offered which are all that could ie 
desired when applied, some protected with paper or felt covering. 
However, in past practice, when a line has been installed, there is 
invariably a considerable area of the pipe when the covering has been 
bruised and loosened. In many cases the injured covering has also © 
removed the dip or paint from the pipe’s surface. The injury is not — 
noticed and, therefore, is not repaired—it leaves an unprotected sur- 
face for corrosion and electrolysis to work their will. 

The following are a few of the ways in which damage occurs—and 
the reasons why the damage is not repaired. All bituminous coatings 
even when protected by paper and felt wrapping are frail and easily 
damaged—particularly in hot weather, when most pipe is laid. In 
shipping, it is almost impossible to prevent either from being bruised. 
In loading, hauling and unloading from trucks along the trench, pipe 
covering receives severe treatment and is subjected to considerable 
bruising. These abrasions can, of course, be repaired, if discovered, 
and the pipe can be laid in fairly good condition, although it is certain 
to be a patched job. 

When the pipe is lowered into the trench and one joint is fitted into | 
another, considerable damage is done to covering by rubbing against = — 
sides and bottom of trench. This damage is usually unnoticed. 

Even when seen it is in a difficult position to be repaired unless the 
section is lifted out of the trench. This may be done a few times, but 
not for long, as it retards the progress of the work—and the tendency | P 
to overlook the damage becomes universal with everybody. | § 

When the pipe sections are in place and connected, partial back 5 
filling is usually done soon after. In the interim the pipe is subjected _ 
to temperature changes during the 24 hours, expanding and contract- 4 
ing considerably, causing the pipe to slide in the trench. This sliding 
movement in the trench results in rubbing off large areas of the wrap- 
ping and dip or paint from the bottom of the pipe. This conditionis | 
never noticed, and if it were, what could be done to remedy it without = 
going to considerable expense and loss of time? The answer is that, 
owing to the difficulties of repairing and the likelihood of the damage 
being repeated, it is left as is. 

Further damage occurs after preliminary backfilling has been done, 
by the pipe moving through the back fill because of expansion and © 
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contraction due to temperature changes. Here again is a damage 
which is seldom, if ever, discovered. Although specifications warn 
against it, considerable damage is also done during back filling. 
_ Wrapping of field joints is usually not too efficient. It is very doubt- 
ful if more than a small portion of the joints are moisture proof when 
_ work is completed. In addition to all of the above, the body of this 
_ wrap disintegrates rapidly in many cases. It loosens and peels off the 
pipe. Certain soils, such as adobe, will, by their movement between 
wet and dry conditions, cause sufficient soil stress to tear such covering 
loose. 
Intimate knowledge of these various deficiencies in pipe covering 
has brought about the development of cement-mortar covering. As 
_ already stated, pipeline protection must consist of an unbroken water- 
_ proof surface capable of being handled and installed intact—after 
~ complete installation in operation and still havea 100 percent protected 
surface. The protection must have an affinity for the surface it 
_ protects, must be part and parcel of it—must have characteristics of its 
own so that it provides the answer to the demands for: 


2. Prevent damage from electrolysis. Fhial ad 
(a) To resist abrasions resulting from handling and laying. 
(b) To resist soil stresses. 
4. Resistance to chemical action. bos 


5. Adaptability to varying conditions and purposes. axes 
_ High quality, reinforced cement-mortar becomes the logical ma- 
terial for this purpose. It is by far the cheapest protection in the 
final analysis. 
_ For many years concrete has been used for protection of steel pipe, 
and never without successful results. However, in large sizes of pipe 
the problera has been to secure an economical application of a thin 
layer of reinforced, dense, high strength concrete. 
_ Cement mortar covering as a protective coating is not new. It is 
simply making use of age old principles, combining them with the 
latest advanced art of each, and then by means of ingenious and eco- 
nomical process, developed and patented by W. A. Kraner and now 
in use by Cement Wrapped Pipe Company Limited and Wailes Dove- 
Hermiston Corporation, applying it to the exterior surfaces of pipe, 
piling and other similar cylindrical shaped objects. it 
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Combinations involving Portland cement have been used for a number of 
years to protect pipe lines against soil corrosion. Both concrete and mortar 
have been used for the purpose; generally speaking, mortar has been found to J 
afford better protection, since the concrete has been more or less porous. | 
Experience has shown that a properly applied cement mortar coating will — 
afford lasting protection against soil corrosion under almost any conditions. 


Probably one of the oldest examples* of concrete covered pipe in 
the United States is a section of a 6- and 8-inch line belonging to the 
Standard Oil Company of New Jersey, and located across tidal marsh 
lands in New Jersey near Bayonne. Shortly after it was installed 
nearly 50 years ago, trouble from corrosion was experienced and to 
prevent complete destruction, the line was exposed, cleaned, and then 
imbedded in concrete mortar of a 1 to 3 mix. The line is in service 
today and in excellent condition. According to J. E. Peper, Chief 
Engineer, his “experience with pipe coatings over these 40 years or | 
more has involved the use of many forms of coatings from paints to 
heavy bitumens, as well as cement. As large users of coatings we are _ 
continually striving to determine what is best and most economical 
for our lines and we feel that in our case . . . . cement has proven the — 
most satisfactory.”’ | 

A reading of the literature and the results of all investigations, tests 
and research work done by the large gas and petroleum associations 
agree that the most necessary element in the protection of a coated 
pipe is the provision for an external armor coat which will protect 
the under coating from those elements tending to destroy it. 

In the case of exterior coatings where only asphaltic or coal tar 
products are used, it has been definitely proven that the mechanical 
method, or machine application, of these coatings result in a far more 
efficient job than by any other known method. However, even with | 
this increased efficiency of application, the need of armor coating as 


described above is still most necessary. 


INTERNAL COATINGS AP 


The principal objects in coating the interior of a pipe line carrying 
water is to prevent corrosion or tuberculation and to increase insofar — 


* Ind. and Eng. Chemistry, January, 1933. 
* Standard Oil Company of N. J. Report, presented to A. P. I., Oct. 15, 
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as possible the carrying capacity of the line by reducing friction losses 
caused by roughness of the material from which the pipe is made, 

Referring to the economic significance of internal pipe linings ag 
indicated by present day conditions, Killam‘ states that 


- Consideration of the life of a pipe line is often erroneously limited to con- 
sideration of the life of the material. It has, of course, been demonstrated 
that under ordinary conditions, the structural life of any of the commonly 
used materials will substantially exceed the period covered by bond issues 
under which pipe lines are ordinarily financed. The most essential con- 
sideration regarding the life of a pipe line, however, is the permanence of the 
initial carrying capacity, for the value of any pipe line can be measured not 
solely by its structural integrity after service, but to a far greater degree, by 
its carrying capacity. It is universally recognized that the capacity of pipe 
lines is progressively reduced from year to year, whereas the capacity demand 
is in nearly every case, progressively increased. 


There are several basic reasons compelling the serious consideration 
of the adoption of some satisfactory type of pipe lining to eliminate 
uncertainty in design and difficulties arising from loss of capacity by 
tuberculation. 

(1) Due to the wide variation in the relative capacity reduction 
by tuberculation in different systems, the use of unlined pipe necessi- 
tates the assumption of friction coefficients which, even when tem- 
pered by the best engineering judgment and experience, should, in all 
frankness, be termed guess work. Thus, while it is entirely feasible 
to determine accurately the coefficient of a new pipe line of any 
{ given material, and with any given internal surface, the probable con- 
dition of unlined pipe after service is very problematical. It fol- 
lows that any variation from the assumed condition results in loss of 
economy, not alone in first cost, but also in cost of maintenance and 
operation. 

_ (2) When pipes are not lined, the necessity for providing larger 
diameter pipe, to offset the reduction of capacity due to tuberculation 
results in a substantial increase in cost of construction. 

(3) The increase in congestion of underground structures in cities, 
and the rapid progressive extension of improved paving, demands 
further advance in standards of construction of pipe lines, to the end 
that necessary replacement of mains, due to inadequate capacity, may 
be reduced to an amount substantially below requirements under 
present practice. 


‘Water Works and Sewerage, March, 1933. 
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(4) The tuberculation and reduction of capacity of pipe lines, 
create operating difficulties and inefficient operation, examples of 


which are as follows: 


[ (a) Increased power cost, due to increase in friction head in force mains 
from pumping stations. 

ail (b) Inefficient operation of pumps and motors. Change of pumping head 
ae due to tuberculation may, particularly when friction head is a sub- | 
stantial portion of the total dynamic head, seriously upset the — 
ation designed relation of head discharge and efficiency, to a degree 
which will make the pumping unit inefficient and inadequate. 

(c) Tuberculation of unlined pipe has the inevitable result of creating — 
inadequate capacity of distribution systems for fire flow, and rein- 
-—— foreement and enlargement of the many miles of small pipe under — 
ss paved streets in a distribution system, involves a tremendous 
@xpense. 
(d) Rusty water necessitates frequent flushing, and occasional abnormal 
draft on tuberculated mains often affects the quality of the water, 
temporarily at least, to a degree resulting in damage to industrial 
eonsumers.”” 


Bitumastic enamels consisting of a coal tar base with an inert filler 
have been widely used in water supply and marine work for many 
years, and the record of this material has been such as to test the 
permanence of its protective qualities. Not only for steel pipe but 
cast iron as well, in ever increasing quantities, it has provided a tough, 
ductile smooth lining that has been without equal. Prior to 1928 its 
application was confined to the hand brushing method but since then 
the centrifugal method of application has been developed which has 
resulting in lining surfaces that are practically as smooth as glass with 
a Williams and Hazen coefficient, which is higher than for any pipe 
surface previously available. 
Tests were made by Sherman’ at Weston, Mass., and Killam‘ at 
Newton, Mass., on bitumastic lined cast iron pipe 6 to 12 inches in size. 
Sherman gives valuesof Cin Williams and Hazen formula as high as 203 
in one instance with an average of 167 based on 12-inch pipe 14 years 
old with an actual internal diameter of 11.71 inches. Based on the 
nominal diameter of the pipe (12 inches) the average coefficient was 
found to be C = 158. If we were to assume a friction loss based on 
C = 150, this line then has a carrying capacity of 150 percent of that 
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898 KENNETH SHIBLEY [J. A. W. Wea, 


given for a value of C = 100, the figure usually employed in designing 
the carrying capacity of unlined cast iron pipes. 

Prior to the time these tests were made in which the centrifugal 
method of applying the linings was employed, pipes varying in size 
from $ to 48 inches in diameter were successfully coated. During the 
past six months a still further improvement has been developed in 
centrifugally applied linings for pipes of large size, most noteworthy 
of which is the new line 78 inches in diameter, 26,000 feet in length, 
shortly to be installed by the City of Seattle on its main supply works 
from Cedar River. 

The method of application of bitumastic and Hermastic enamels is 
not simple. It has been developed as the result of extensive research 
and experimentation. The specified thickness of bitumastic enamel 
lining, has in most cases been from 7g to 35 inch for the full range of 
sizes up to and including 78-inch steel pipe in 30 foot lengths. 

While the machine method of centrifugally applying coatings to the 
interior surfaces of pipe is of quite recent origin, it must be remembered 
that not every asphaltic or coal tar product is suitable for this pur- 
pose. So far as we know, only products with much time proven per- 
formance behind them have so far thus successfully been applied. 
According to Abrahams,® 


We must bear in mind that the native asphalts, for example, occur in hundreds 
of varieties, each differing in certain respects from the others, or as one author- 
ity on the subject expresses it: ‘‘No two deposits of native asphalt or pe- 
troleum on the face of the earth are exactly alike.’’ Similarly, blown asphalts, 
residual asphalts, coal tar pitches, etc., are produced in hundreds of grades, 
depending upon the nature of the crude materials, the temperature to which 
_ they have been subjected, the length of blowing, the duration of the distil- 
lation process, and many other factors. These result in the production of a 
whole series of products from any particular raw material, varying in fusibility, 
hardness and other physical and chemical characteristics. Since each class 
of raw material is available in hundreds of varieties, it will be apparent that 
- the number of possible combinations in tertiary mixtures is infinite. At the 
present stage of the science, a chemical analysis of the material to be dupli- 
—eated will tell nothing. It is only an intimate knowledge of the physical 
Z properties of the available bituminous raw materials, and an inference of 


_ mixture having substantially the same properties as the one to be duplicated. 
The problem is made still more complicated by the fact that although we may 


6 Abraham’s ‘“‘Asphalts and Allied Substances,” Third Edition. 
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apparently succeed in duplicating the physical properties of a given bituminous 
mixture, yet there is no way of telling other than from an actual service test __ 
whether or not it will behave the same on aging or upon exposure to the ele- 
ments. No “‘accelerated’’ test is yet known by which this may be positively 
predetermined. 


pale WHAT SHOULD WE PAY FOR PIPE PROTECTION? fon 


| _ This should not be a difficult question to answer, although there is _ 
awide diversity of opinion as to how to calculate the maximum expend-— 
iture for pipe protection that would be justified under a given condi- ‘ 
tion. This problem is one that has faced the oil and gas companies _ “ 
for years and Truett’ has very interestingly and ably presented a study 
of how we may arrive at a maximum justifiable expenditure for this — 
purpose : 


For example, if the useful life of a pipe line may be increased 30 percent — = 
by means of a certain type of protection, some persons might suggest the — 
maximum that would be justified for protection would be 30 percent of the 
cost of the unprotected pipe line, but such is not the ease. A pipe line will 
not transport a commodity any better because of anything that may be ap- — 
plied to the outside of the pipe to protect it against corrosion. The extra 
investment for protection should therefore earn a fair rate of interest forthe _ 
useful life of the pipe line, and by some other means than the direct trans- | 
portation of the commodity. 

The return of a sum equal to the original investment at the end of the use- 
ful life of a pipe line may be determined by several different methods, and the 
correctness of the method depends upon the viewpoint and often leads to con- 
siderable difference of opinion. What we are concerned with, however, is 
not so much the method of returning the original investment, as it is to what 
we should pay for pipe line protection. However, in determining what we 
should pay for pipe line protection our method is influenced by the way in _ 
which we agree an original investment should be returned at the end of the : 
useful life of the pipe. 

It should be understood that the pipe line, as referred to herein, means the — 
pipe, buried in the ground without right-of-way or valves, tanks, pumps and 
other items that go to make up a complete pipe line system, also that it is 
owned and operated for the benefit of a private business, and not a common | Se 
carrier. 


The various methods for determining the maximum as suggested _ ae. i 
are: 


(a) Straight line depreciation or the annual expense is the total cost — 
divided by the useful life of the pipe line in years. 


te. Report Associated Oil Company, H. B. Truett, Engineer, April, 1931. 
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(b) Amortization, or payments set aside annually in a fund that will 


wal equal the investment at the end of the useful life of the pipe line, 
-sf4. Interest compounded annually. 
J (ec) The assumption that the cost of protection should be charged with 
met interest compounded annually for the life of the unprotected line, 
Fear and the sum (cost of protection plus compound interest) then de- 
_ preciated for the period represented by the increased life of the 
pipe line. 


a? d) Truett offers as the logical method the ‘‘assumption that an unpro- 
tected pipe line should be depreciated in annual amounts equal to 
the cost of the pipe line divided by its useful life in years, and that 
eatin the cost of pipe line protection should not exceed a sum, the value 
bit of which when added to simple interest on itself multiplied by the 
total useful life of the pipe line in years, and to this sum is added 

the cost of the unprotected pipe. This total in turn divided by 
the total useful life of the pipe in years will equal the annual depre- 
Lani ciation as figured for the unprotected pipe line.’’ This statement 
tr is based upon the idea that a protected line will earn no more than 
od an unprotected line as regards its ability to transport a given com- 


mid modity, and that any additional investment due to the cost of 
Hew protection should be charged a fair interest rate for the useful life 
of the line. 


In all cases the starting point must be the cost of the unprotected 


life. 
Based on the above, let: vq ha 
C = the cost of the unprotected pipe line; 
n = life of unprotected pipe, in years; 1aY oo 
z = the maximum allowable cost for protection; = 
n, = increased life due to protection, in years; 


i = interest rate. 


_ Following much the same line of reasoning as suggested and apply- 

i. _ ing these figures to the contract recently awarded by the City of 

iv. _ Seattle for approximately 28,000 feet of steel pipe, 63 feet in diameter, 

___ #-ineh plate, and assuming a life of 20 years for unprotected pipe and 
_ money at 4.5 percent, we find the following: 


At 
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Gost unprotected pipe, per mile, approximately $52,800.00 ofthe 
Assumed life of pipe unprotected, 20 years Tae 


COST OF PROTECTION JUSTIFIABLE FOR SUCH ADDITIONAL LIFE 


ADDITIONAL LIFE OF 
LINE DUE TO PROTEC- Percent per year 
TION, YEARS Per mile Per foot on the cost — 
of unprotected pipe 


10 11,200 2.12 2.13 
20 18 ,850 3.57 1.78 


In this case the actual contract cost of cement mortar protection 
falls well within the justifiable expense limits indicated. 

(Presented before the Pacific Northwest Section meeting, May 12, 1933. ) 
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SKETC H OF THE HISTORY OF WATER TREATMENT 
By M. N. BAKER 


(Editor, Manual American Water Works, 1888-97; Associate Editor, 
Engineering News-Record, 1887-1932, Upper Montclair, N. J.) 


Water treatment as a rule-of-thumb art is a century old. As a 
scientific concept it is scarcely half that age. As an applied art, 
_ working to known ends by known means—engineering, chemical 
and biological—it fails almost within the present century. Although 
_ it is true that unnumbered centuries ago various crude forms of water 
treatment were in household use, ages passed before cities attempted 
_ to improve the quality of their water supplies. It was not until 
comparatively recent times that the aim was other than reduction of 
- turbidity. The means to this end most commonly employed was 
sedimentation and filtration, the latter often being ‘‘natural filtration” 
- —really wells or galleries for the development of underground sup- 
_ plies. Sometimes the primary aim was storage for a reserve supply 
which incidentally gave a trilogy of benefits: clarification, color 
removal and bacterial reduction; the first early recognized, the second 
_ appreciated later on; the third and most important unknown until 
within the last century. 

Folk days and folk ways. It took no genius to see that after water 

_ from a turbid source had stood in a household jar for a time it became 
clarified by simple deposition of its suspended matter. Chance, more 
likely than design, showed that precipitation of mud would be has- 
tened in time and increased in amount by dropping alum into the 
water jar. 
By the various means indicated clarification without, and then 
- with, coagulation became established, first and perhaps for centuries 
for household or temple use only; then, for city use. If the water 
was colored as well as turbid, its color might also be reduced by co- 
agulation. Filtration, on a small scale, may have come into use just 
as naturally; sometimes being taken over from a household or indus- 
trial art or perhaps being suggested by noting the clearness of water 
drawn from a well or gallery in the sand. Boiling was introduced 
in early Grecian times, but seems to have been confined mostly to 
water carried by armies on the march in waterless areas. 
902 
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Settling reservoir of Rome. The earliest known description of the 
treatment of a municipal water supply was written by Sextus Fronti- 
nus, water commissioner of Rome at the close of the first century of 
ourera. In his ‘Two Books on the Water Supply of Rome” Fronti- 
nus thus describes a settling reservoir on one of the aqueducts in 
his charge: 

The intake of New Anio.... from the river; which flows muddy and dis- 
colored even without the effect of rainstorms, because it has rich and well 
cultivated lands adjoining; for this reason a settling reservoir [italics mine— 
M. N. B.] was built upstream from the intake, so that in it and between the 
river and the conduit the water might come to rest and clarify itself. But in 
spite of this construction the water reaches the city in a discolored condition, 
whenever there are heavy rains. The Hurculanean Brook . . . . joins it, being 
of itself exceedingly clear but losing the charm of its purity. 


Further on Frontinus uses the following graphic language: 


Of these waters six are drawn into covered catchbasins [‘piscanae’].. . . in 
which, resting as it were from their run and taking a new breath, they deposit 
their sediment. Their volume is also determined by gauges set up in these 
basins. 


Clemens Herschel, translator of Frontinus, says that these catch 
basins were designed to catch and hold small stones ‘‘as they came 
rattling down the aqueduct and thus to prevent them from getting 
into and clogging the lead pipes’ in the city (1). 

By the middle of the eighteenth century a number of cities in Great 
Britain and on the Continent of Europe had public water supplies, 
some of those on the Continent dating from Roman times or showing 
Roman influence on aqueduct construction. But so far as appears 
none of them had works specifically designed to improve the quality 
of the water. About 1800 there began to be sufficient concern over 
water supplies to lead a considerable number of cities—more particu- 
larly in central and northern England and in southern Scotland—to 
build ‘‘filters,’”’ but in the light of present knowledge most of these 
seem to have been devices for procuring underground supplies, such 
as filter galleries. 

To what extent this concern was aroused by a mid-nineteenth 
century medical book by Dr. Buchan (2) is an interesting subject 
for conjecture. Although the author did not cite a single example he 
declared, 165 years ago, that filtration for water clarification was 
“generally known.” This he notes directly after mentioning water 
supplies “brought into great towns....at great expense,’’ so it 
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_ seems that he must have had in mind municipal filters of some kind— 
WATER TREATMENT IN MODERN TIMES 

First English slow sand filter. ‘The one-acre filter bed of the Chelsea 
_ Water Works Co., of London, marked the beginning of the successful 
application of engineering to water filtration—as regards structural 
design only. This filter bed was put in use early in 1829, in accord- 
ance with the plans made by James Simpson, but not until he had 
conducted working-scale tests on a smaller bed and travelled 2,000 
miles in England and Scotland to see for himself just what had been 
_ done elsewhere. 
Scottish filters and filter galleries. Just what Simpson found on his 
journey it would be interesting to know. Possibly his report is in 
_ the archives of the London Metropolitan Water Board. At Glasgow, 
Simpson must have learned of the various recent experiments of two 
rival water companies with filter galleries and with crude and curious 
- filter beds, for there is mention of a consultation with James Watt in 
1811 on “carrying water from the filtering area [italics mine] to the 
pumping engines on the South side of the Clyde.’ For this sub- 
merged pipe, Watt designed ball-and-socket joints (3). Simpson may 
also have visited Greenock, Scotland, where new water-works were 
built in 1825, to succeed or supplement a gravity supply introduced 
a half century earlier, for which James Watt was engaged as engineer 
in 1775. Theengineer for the new supply at Greenock, Robert Thom, 
was one of the earliest writers on water filtration. In a “letter’’ on 
the subject written in 1829 he included estimates for filters to supply 
a city of 200,000, referred to the ‘galeries’ at Dalmarnock, Glasgow, 
and said “the Greenock filters are on the same principle’ (4). 
The history of early filter galleries and beds at Glasgow is long and 
involved, two water companies having had a series of unfortunate 
experiences, followed by consolidation (5). Apparently Glasgow had 
no water works until those started in 1806 after designs by Thomas 
Telford, which included “‘filters’’ that may have been filter galleries. 
From 1806 on until the companies consolidated in 1834 a half dozen 
filter wells, galleries and beds seem to have been built, including a 
“natural filter on the peninsula’? mentioned by James Simpson as 
having been ‘‘suggested’’ by James Watt (6). 
Samuel Storrow on filtration, 1835. The first American writer to 
recommend filtration was Samuel Storrow, a noted early American 
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engineer (1809-1904). Ina now forgotten little book on water works, 
he says: 


The reservoirs from which water is to be distributed to different parts of the 
city, should be of sufficient size to contain a full supply for a number of days. — 
This will prevent the risk of interruption in case of accidents, and allow the 
water time to deposit the matters it holds in suspension. If the supply be _ 
originally taken from a river, it will be liable at some seasons of the yeartobe = 
very much loaded with impurities, and it is important to have, in connection — ke i) 
with the reservoirs, filtering beds, by means of which it may be cleansed of : 
them, before it is introduced into the distributing pipes (7). & 


Matthews’ “Hydraulia,” 1835. In the very year Storrow’s book — 
appeared in America (1835) far more extensive information on filters __ 
and filter galleries in Great Britain and other countries across the = 
Atlantic was given in “Hydraulia,” a book written by William Mat- | 
thews (5). In hissumming up Matthews said that filtrationatChelsea 
(London), Glasgow, Greenock, and elsewhere demonstrated “the 
practicability of quickly puvifying large quantities of water... . at 
a very cheap rate.” He also wrote: ‘Probably at no very distant 
period the desirable practice of filtering the whole of the water supply 
of rivers to the inhabitants of great towns for domestic use will be 
universally adopted.” 

Cholera spurs filtration at London. Filtration was given a great 
impetus by a cholera epidemic in London in 1848-49. This epidemic 
led to a Parliamentary inquiry and an act of Parliament passed in 
July, 1852, requiring that by Jan. 1, 1856, all water drawn from the 
Thames must be filtered, as was already being done by some of the 
companies. The river was then heavily polluted by sewage, the Lon- | 
don intercepting sewers not having been built. By 1865 various 
other British cities had put in filters or filter galleries. 

The water supply of Berlin, so far as drawn from the Spree, was sub- 
jected to filtration in 1856, after designs by Henry Gill, an English 
engineer, and in Germany filtration for river waters was common 
practice from then on. Elsewhere on the Continent by 1865 various 
attempts had been made to improve the quality of public water sup- 
plies, either by filtration or the introduction of water not then thought 
to need it. Thus, at Paris, filtration was included in water-supply 
projects from 1826 to 1834. About 1825, Malet, ‘chief engineer of 
the public works,” was ordered to go to Great Britain where, accord- 
ing to Matthews (5) he “inspected the water-works of London, Man- | 
chester, Liverpool, Glasgow, Greenock.’’ In 1825 he outlined a © 


project for a filtered supply for Paris from the Canal de ’Oure (report 


printed in 1829). Og 


BEGINNINGS OF FILTRATION IN AMERICA 


Richmond builds first filter in United States. In the United States, 
the first attempt at filtration of a public water supply was made at 
Richmond, Va.,in 1832. Although it was a failure it deserves recog- 
nition. The Richmond water works were begun in July, 1830, and 
completed early in January, 1832. On completion, the designer, 
Albert Stein, described the works in a report made to “The Watering 
Committee.’’ Water was pumped from the James River to a reser- 
voir, in which the filter was placed. Mr. Stein’s description of the 
reservoir and filter follows: 


The Reservoir is at an average of 194 feet long, 104 feet wide and 10 feet 
8 inches deep and contains upwards of a million of gallons. It is divided into 
_ 4 apartments of which two serve for filtering, and all the apartments are con- 
nected together at the bottom by cast iron pipes of 10-inch diameter, with 
gates attached to them. 

The filter is 22 feet 6 inches long and 16 feet wide. The water is made to 
percolate upwards in filtering through a body of gravel and sand and whenever 
the quantity of pure water falls short by the lodgment of sediment among 
the gravel and sand, the water is made to enter at the top, and in passing 
downwards with considerable force carries along with it the sediment into the 
reservoir from which it is carried off through the ascending main by means of a 

_ branch pipe with a stopcock attached to it. 
The body of gravel and sand through which the water percolates upwards 
consists of gravel at the bottom where the water enters which becomes finer 
and finer towards the top. 

The floor on which the body of gravel and sand [rests] is 3 feet above the 
_ bottom of the filter and affords therefore sufficient space to remove sediment, 


_ which may remain at the bottom after the body of gravel and sand has been 


cleaned. 

It is doubtful with me, whether the size of the present filter is sufficiently 
large, to produce the required quantity of pure water. This is the first filter 

I have formed upon a large scale and I believe is the only one formed in the United 

_ States for the purpose of producing pure water for the supply of a town. [Italics 

mine. 

If an increase of demand of water should make an additional filter necessary, 
it would be advisable to form one near the second reservoir, from which the 
_ water is conveyed to the city, and by this means form a communication be- 
_ tween the two reservoirs. The perfection of the filter requires such arrange- 


ment, because the water should be as pure as possible before it enters the filter 


in order to produce the greatest quantity of pure water, and if the water passes 
through a body of gravel and sand of moderate height in the first filter and 
remains at rest for some time in the next reservoir it will deposit the greater 
- part of sediment before it enters the second filter (8). 
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_ This filter and a second at Richmond, built the next year, but of 7 
somewhat different design, were failures. 

Many later upward-flow filters. A long series of unsuccessful up- 
ward-flow filters followed. Five were built as recently as the 1890’s. 
Three of these were: Storm Lake, Iowa, about 1891 (9); Bartletts- per 
ville, Ind. T. (Okla.), 1894, treating water that had been coagulated Ree i. 
and then settled for days (10); and Okmulgee, Okla. (11). The other i e 
two upward-flow filters of the 90’s were at Tacoma, Wash., and Will _ . ; 
mington, Del., mentioned later under ‘Anderson 

Besides the American upward-flow filters, many other crude de- _ 
vices, chiefly rapid strainers of various materials, were built; also a 
few “filter basins” and many filter galleries. According to Croes, 65 
cities built “filters” between 1832 and 1882 (12). | 

Early American filter estimates. Although not adopted, filtration 
was given consideration by several cities before 1870. The best known | 
example is St. Louis, but it was far from being the first. In a report 
to a Boston committee, dated June 13, 1836, Robert H. Eddy, who 
had been engaged to “‘survey”’ various ponds as possible sources of 
water supply, advised going far enough afield to get a satisfactory — 
supply so the city would not be ‘“‘subject to costly projects of filtra- 
tion’’—prophetiec of the stand taken by Boston ever since. 

On October 25, 1847, I am informed by C. F. Drake, “James H. 
Laning, of Cincinnati, appeared in the council chamber of Pittsburgh” 
and proposed filtration of the water supply. 

At Philadelphia, on October 27, 1853, city councils resolved: “That 
the Watering Committee . . . . inquire into the practicability of erect- 
ing at Fairmount, a Filter of Sufficient Capacity to filter all the water 
used in the city before it enters the distributing system.”’ On May 
3, 1854, Frederic Graff, superintendent of the Fairmount works, 
reported at length on the subject, reviewing English and Continental 
experience with filtration and considering also recent chemical analyses 
of the Schuylkill water. His conclusion was: 


I am fully convinced that no adequate result could be obtained from the 
enormous expense which it would be necessary to incur in building and keeping © 
in order such large filter beds as we should require, and that probably the 
certainty of constant supply and efficiency of the works might be impaired _ 
by such troublesome and expensive, and I think, needless apparatus. 


The watering committee endorsed Graff’s conclusions, saying in — 
part that “they have every reason to feel perfectly satisfied with the 


extraordinary purity of the Schuylkill Water” (13). - 7 
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The muddy waters of the Ohio, the Mississippi and the Missourj 
directed attention to the need of clarification as soon as they were drawn 
upon for city supply. It was a long time before even adequate sedi- 
mentation was attempted. 

At Louisville, Ky., as early as 1859, the possibilities of filtration 
were recognized by Theodore R. Scowden, chief engineer for the con- 
struction of the first water works. In his report for 1859, the year 
before the works went into use, he said that sedimentary matter in 
water ‘‘can be easily removed by filtration or subsidence,” but he did 
not propose filters. Charles Hermany, in his report as chief engineer 
of the Louisville Water Co., 1864, noted the lack of “sufficient reser- 
voir capacity to obtain clear water at all times by subsidence or filtra- 
tion.” 

Kirkwood at Cincinnati and St. Louis in 1865. In 1865, filters were 
recommended for Cincinnati and St. Louis by James P. Kirkwood, 
a Brooklyn engineer. 

He was engaged in March, 1865, to report on a new source of water 
supply for Cincinnati. On July 3, 1865, he recommended filtration. 
His report was approved by all but one of the seven members of the 
joint committee of the city council and the water works trustees but 
was almost unanimously disapproved by the city council. His plans 
called for a supply of 30 m.g.d., pumped from the Ohio River to set- 
tling reservoirs and passing thence to two filter beds, each with an area 
of about three acres—thus calling for a filtration rate of 6 m.g.d. with 
no allowance for cleaning. Hesuggested that one or more members of 
the joint commission visit England, and perhaps France, to see for 
themselves what filtration could do and get information on the latest 
developments. J.J. R. Croes was principal assistant engineer to Mr. 
Kirkwood. The single minority member of the commission agreed 
on the Ohio River as a source of supply, but urged retention of the 
pumping station site instead of going further up the river and the 
building of reservoirs at a greater elevation than Kirkwood proposed. 
On November 17, 1865, the city council requested the water works 
trustees to obtain terms for the purchase of the land for reservoirs 


advocated by the minority member. 


St. Louis turns down filtration. We now come to the better known 
but for the most part only partly known story of Kirkwood’s experi- 
ences at St. Louis. Before taking up these it is worth noting that in 


_ February, 1861, Theodore R. Scowden had assured a St. Louis water 


committee that the settling reservoirs he recommended would render 
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the water of the Mississippi “perfectly free from all foreign or sedi- 
mentary matter,’’ so it would “pass off, clear and sparkling,” to the — 
city. 

ae March 24, 1865, a board of water commissioners was entrusted 
with the duty of providing St. Louis with a daily supply of at least 
20 m.g. of “clean and wholesome water.” It engaged Kirkwood as 
engineer, and on May 11 directed him to begin surveys for the location 
of supply works. Mr. Kirkwood, with Col. Henry Flad as principal 
assistant engineer, acted so expeditiously that on August 29, 1865, — 
he recommended the Chain of Rocks, well above the existing intake, 
as the site for a pumping station, settling reservoirs and filter beds. 
This was followed by a detailed report on October 12, 1865, proposing 
fill-and-draw settling basins to give 24 hours sedimentation and three 
filter beds for immediate and eight for later construction, each bed 
200 by 280 feet, to yield 4.5 m.g.d. per bed. The rate of filtration was | 
80 gallons per square foot, or about 3.5 m.g.d. per acre—a high rate — 
for Mississippi water with no pre-treatment except plain sedimenta- _ 
tion. The filtering materials proposed were “sand, graveland broken _ 
stone. ...as in English practice.’ Drawings accompanying the 
report indicate covered filters, apparently wood on steel trusses. gs ; 

The water commissioners, as shown by their report of October, 1865, 
accepted Mr. Kirkwood’s plans. On December 11, 1865, they in- bo 7 
structed him tin 


+ 


to proceed at once to Europe, and there inform himself in regard to the best ; a 
process in use for clarifying river waters used for the supply of cities, whether . 
by deposition alone, or deposition and filtration combined . . . . so this Board 
may be able to appreciate how far the same mechanism and the same or similar 
combinations of materials, are likely to be acceptable to the purifying of 
Mississippi water in St. Louis. 


Although instructed to return by May 1, 1886, Kirkwood did not 
get back until late in the year. Meanwhile, the commissioners had | 
resigned by request, apparently due to opposition to his plans, new 
members were appointed in August and Mr. Kirkwood was requested — 
to return at once and make plans for works at Bissell’s Point, below ; | 
Chain of Rocks, with filter beds omitted. He submitted plans accord- 
ingly the following December. Asked to serve as engineer of the new 
works he declined because of ill health but became consulting engi- 
neer. 

Kirkwood’s classic “Report on the Filtration of River Waters’’ did 
not appear as a city document. It was published by the D. Van 
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Nostrand Co. in 1869, as a thick quarto volume, with handsomely 
engraved plates (14). It is in two parts: (1) A short general report, 
undated, and (2) detailed accounts of the works visited, dated June, 
1866. The report contains little about filters for St. Louis. It pro- 
poses five filter beds with an area of 37,440 square feet, each, working 
at 0.5 cubic feet per hour per square foot, which with one bed out of 
use for cleaning would give a rate of about 3.2 m.g.d. per acre. Ing 
footnote to his report, dated April, 1869, Kirkwood mentions the new 
works then under construction, with Thomas J. Whitman as chief 
engineer and himself as consulting engineer. ‘“These works,” he 
wrote, “include settling reservoirs, but the public mind of St. Louis, 
so far as it has been expressed, does not seem to regard filtration as 
important.”’ 

It was not until 50 years after Kirkwood’s original report (1865) 
that St. Louis had filtered water. A portion of this long delay was 
fortunate, for slow sand filtration would have been a failure at 
St. Louis. 

Turning now to the East, in studies made by J. Herbert Shedd, in 
1868-69, for a new water supply for Providence he estimated the cost 
of filtering three of the four sources he considered. His final decision 
was for a ‘“‘natural filter basin,’ that proved to be a failure. 

First filters in United States on English lines. Poughkeepsie, N. Y., 
benefited by Kirkwood’s filter investigations by employing him as 
consulting engineer for its water works, built in 1870-72, which in- 
cluded the first American filters on English lines. In 1873 Joseph P. 
Davis estimated on filters to treat Charles River water in case that 
source should be chosen. Hudson, N. Y., presumably stimulated by 
the example of Poughkeepsie, built slow sand filters in 1874-5, with 
J. B. G. Rand and J. H. Emigh as engineers. About this time a 
filter was built at St. Johnsbury, Vt., which has been noted as of the 
English type but neither exact date or design can be ascertained. A 
filter somewhat of the English type was built at Marshalltown, Iowa, 
in 1876, with Thomas Boutelle as engineer. Correspondence with 
__H. V. Pedersen, manager of the Marshalltown water works, indicates 
_ that this filter should not be classed as of the English type, both be- 
cause of its design and the high rate at which it was operated, perhaps 
90 m.g.d. per acre. 

Only three American slow sand filters in 1880. If the St. Johnsbury 
- filter is included, the eighth decade of the nineteenth century closed 
with only three slow sand filters in the United States and none in 


‘ 


yOL. 26, NO. 7] SKETCH OF HISTORY OF WATER TREATMENT 911. 
Canada. There were then 598 water works in this country and 30° 
in Canada. 7 

By 1870 a number of cities in Great Britain and Scotland were 
supplied with water that had been passed through slow sand filters. 
In Berlin, a British company completed water works in 1856 which 
included slow sand filters designed by a British engineer named Henry 
Gill. In Altona, filters had been provided in 1860, after designs by 
another British engineer, Thomas Hawksley. At Hamburg, a third — 
British engineer, John Lindley, had filters in mind in designing the — 5 
water works completed in 1849, but only settling reservoirs had been : 
built. In France and Italy, at the time of Kirkwood’s visit in 1866, 
filter galleries seemed to predominate; Nantes and Tours had filters, 
Lyons had both galleries and filters, while at Marseilles and =o 
there were filters not in use. 

Whether abroad or at home all the filter plants in use until the _ 
1880’s had been built and were operated with no clear understanding — ; 
of what or how much they were capable of doing, beyond an idea of the. 


clarification they might effect and a shadowy and uncertain hope, in — t 
some cases, that they prevented or lessened the spread of disease. 7 
The London cholera outbreak of 1848-49 had cast grave suspicion on Ys: 
the water supply of the metropolis as a vehicle of infection and played — ar) 


a strong part in the demand for legislation for the removal of the 
Thames intakes above Teddington Lock (the head of tide water) and — 
for compelling the water companies to put in filters by Jan. 1, 1856. 
Dr. John Snow’s studies of 1854 by which he traced scores of cases of | 
cholera in London (St. James Parish, Westminster) to the ‘Broad q 
Street Well and Pump,” and Dr. Hadler’s studies of the typhoid epi- 
demic of 1872, in the village of Lausen, Switzerland, indicating that —__ 7 
waters that discharged by irrigation or floods onto meadows passed 
underground to the village supply, are milestones in the progress of 
knowledge of the fact that water is a vehicle of infection for those two 
diseases. 

Louis Pasteur and Robert Koch. The road to certain knowledge of 
this was prepared by Louis Pasteur between 1857 and 1863 and more 
firmly and clearly by Robert Koch in 1876 in their work establishing : 
the germ theory of disease. In 1881 Koch laid or broadened the foun- 
dations of bacteriology by introducing a solid medium for the culture 
of bacteria. In 1883 he isolated the cholera bacillus. 

Lack of knowledge of water bacteriology threw the chemists off 
the track when on utilizing the methods of chemical analysis devised 
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by Wanklyn and Frankland about 1870, they found that filtration 
effected relatively little reduction in the organic matter. This and 
_ the minute size of bacteria, when their size became known, beclouded 
the real nature and benefit of water filtration. 

With the acceptance of water as a vehicle of cholera and typhoid 
infection and with bacterial examination of water put on a workable 
basis, it became possible to determine whether a water filter—long 
__ regarded as a mere strainer and then as a chemical workshop for chang- 

_ ing dangerous organic matter to a harmless organic state—could re- 
ay Pe move such infinitesimal organisms as bacteria from water: and if so, 
then how. The fact was established beyond reasonable doubt before 
_ agreement as to the method was reached. Most conspicuous among 
rs early contributors to that knowledge were Dr. Percy Frankland in 
Me England and Piefke in Germany. ee 
: A CENTURY OF EXPERIMENTS ON FILTRATION 
3 be s Early British and American experiments on filtration. Before taking 

up the epochal work of the Massachusetts State Board of Health at 

its Lawrence Experiment Station, begun late in 1887, and a long suc- 
32 cession of later treatment experiments by various American cities, 
some little-known earlier studies, abroad and at home, will be noted. 
“ The earliest of these were made over a hundred years ago, by James 
_ Simpson, at London. In 1825 and 1826 he experimented on a small 

a scale and in 1827 on a large scale, as described by Matthews (5) (15). 

jar ee 3 Experiments with small filters of charcoal, magnetic carbide, and 
P % silicated carbon were made in England by Edward Byrne in 1867 or a 
_ little earlier and on being described before the Institution of Civil 
et a Engineers led to a lengthy discussion (16). 
Of a more practical character were experiments at Buenos Aires, 
“ _ Argentina, in 1887, to find what filtering materials were best suited 
& use in filter tanks already designed to treat River Plate water at 
the rate of 700 imperial gallons per square yard per 24 hours. In the 
opinion of George H. Higgins, who made the tests, ‘‘only by the addi- 
en tion of alum or one of the persalts of iron did it seem possible to preci- 
fs zeit pitate the suspended matter,” but “it was not considered advisable 
to have recourse to chemical precipitation (17).” 
_ Hermany’s 1882-87 slow sand filter experiments. Twenty years 
before the widely-known mechanical filter tests at Louisville, experi- 
ments with slow sand filters were advocated and after delays they 
were undertaken In a report by a special committee on extension 
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of the water works, submitted in 1876, after stating that surveys had 
been made for settling basins and filter beds, the committee advised 
1 “the construction of experimental settling basins and filter beds on a 
small scale as regards surface, but of full dimensions as regards depth.”’ 
I In the annual reports of the Louisville Water Co. for 1880 and 1881 
, filtration tests are noted as proposed. In the report for 1882 it is 
r stated that “the plan of filtration is being tested.” Apparently the 
tests were continued, perhaps with interruptions, from 1882 to 1887. 
Expense items appear in the annual reports for the period named. 
In his report of 1898 on the tests of mechanical filters at Louisville bel 
: George W. Fuller says the experimental filters were 12 feet in diam- 
eter, “after the English plan described by Mr. Kirkwood;” that 
the applied water had had six days subsidence, at a time when the 
Ohio River was relatively free from fine clay in suspension; and that 
operating at a net rate of 1.5 m.g.d. the effluent was free from tur- 
bidity, but the clay passed into the sand layer, necessitating frequent 
cleaning and reconditioning of the sand layer. Slow sand filters, it 
was concluded, would be impracticable. 

St. Louis upward- and downward-flow tests. St. Louis followed 
Louisville in experiments with slow sand filters, but not until after 
plans and estimates for filters of that type had been made in 1881 
and again in 1885 but had not been approved by the municipal 
assembly. Parallel tests were made in 1885-86 of upward and down- 
ward filters, each 1 foot square, having two sides of glass. In July, 
1886, a much larger (10 by 12 feet) upward-flow filter was put under 
test. The object of these tests, according to the 1886-87 annual 
report of Thomas J. Whitman, water commissioner, was not only to 
test the relative merits of upward and downward filtration but “also 
to determine the most economical rate of filtration, the best arrange- 
ment of sand and gravel, and the comparative efficiency of various 
kinds of filtering material.’’ The report (as of April 1, 1887) stated 
that the tests “have been carried on since August 18, 1885.” Un- 
fortunately, no deductions from the tests were given in the report. 

At both Louisville and Cincinnati, attention was turned to mechan- 
ical filtration after the disappointing results with slow sand filters; at 
St. Louis, however, not until after extensive tests had been made of 
the “Anderson process” for obtaining metallic iron and mixing it 
with water before the latter was applied to a slow sand filter. 

Allusions have been found to filtration experiments at Kansas City, 
Mo., and New Orleans. In 1887, Galen W. Pearsons, chief ghee ; 
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- National Water Works Co., Kansas City, in describing works built 


under his direction, stated that “Studies made by the writer seem to 
x indicate” that the solution of the problem of getting clear water from 
western rivers “will be found in subsidence, joined with upward fil- 
_ tration.”” To which he added that “Colonel Henry Flad, of St. 
Louis, and L. H. Gardner, of New Orleans, have made experiments 
_ to this effect, which give valuable data (18).”’ It is known that 
Colonel Flad made sedimentation experiments when assistant to 
Kirkwood at St. Louis in 1865, and also at Cincinnati over 20 years 
later, but I find no record of upward filtration studies by him. As 
to New Orleans, George G. Earl informs me that prior to the comple- 
tion of the unsuccessful mechanical filters there in 1892, Colonel 
Gardner had experimented with coagulation and subsidence, but 
apparently not with upward filtration. 

Frankland’s London studies. The filtration experiments just out- 
lined were directed to clarification. Quite different were those made 
by Perey Frankland at London. He directed his attention to bae- 
teria and made use of the gelatine process. _His filtering materials 
were sand, animal charcoal, iron sponge, brick dust and coke, but 
only 6 inches deep. Rates of filtration ranged from 0.45 to 1.14 
imperial gallons per square foot, or about 0.65 to 1.4 m.g.d. (U.S.) 
per acre per day. Turning to the filters of the London water com- 
panies, Frankland found that in the last part of 1885 they effected an 
average reduction of bacteria in Thames water of from 96.5 per c.c. 
in October to 98.9 in November. He then made this epoch-marking 
statement: 


Thus for the first time a definite conception has been obtained of the effect 
of sand-filtration upon these Jower forms of life. Hitherto those acquainted 
with the size of these minute organisms on the one hand, and the dimension 
of the pores of the sand filter on the other, have believed that little or no barrier 
could be offered to these organisms by the comparatively spacious pores of the 
filter, and even the strongest advocate of sand-filtration could not have re- 
cently anticipated that mere filtration through a few feet of this material could 
affect the remarkable reduction in the number of microérganisms which the 
{results show]. 

It is most remarkable, perhaps, that these highly satisfactory results have 
been obtained without any knowledge on the part of those who constructed 
these filters, as to the conditions necessary to the attainment of such results. 
In the construction of filter-beds, waterworks engineers have certainly never 
been guided by an acquaintance with the habits of microérganisms and yet 
by carefully improving the methods so as to secure the removal of visible sus- 
pended matter they hardly less successfully, although unconsciously, attacked 
the invisible reduced them tor an extent at is (19). 
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Wanklyn and Gill conservative and progressive. In the lengthy 


discussion on this remarkable paper, J. A. Wanklyn stuck to the old- — 


time theory that organic matter was the thing to be feared in water: 


“He attached very little importance to searching after organisms in __ 


water; indeed he looked upon such investigations with a great deal 


of contempt.” In striking contrast were the remarks of Henry Gill, _ 
of Berlin, in support of the bacterial efficiency of slow sand filtration. 


He presented data on tests of the filtered water supply of Berlin, made 
in 1884-85, and noted that ‘‘until 1884 the tests were mainly chemical, 
but since July, 1884, biological examinations also had been made.”’ 


The Lawrence experiments. Valuable as were these English — 


German observations on city filters and researches on experimental 
filters they were soon to be surpassed by the work of the Massachusetts 
State Board of Health at its Lawrence Experiment Station, initiated 
and directed by Hiram F. Mills, engineer-member of the board. This 


work began late in October, 1887; with changes it has continued ever _ 
since. Successively in direct charge of the Lawrence station were — 
Allen Hazen as chemist, George W. Fuller, as biologist, and then for — 

nearly forty years, Harry W. Clark, as chemist and director. Inthe — 
early years of the investigations professors Thomas M. Drown and © 


William T. Sedgwick were consulting chemist and bacteriologist, 
respectively. These experiments started slow sand filtration on a 
firm scientific basis and prepared the way for its development as an 
art in which engineering, chemistry and bacteriology are coérdinated 
(20). 

The Lawrence experiments gave an impetus to slow sand filtration — 
that lasted for a decade or two and set a high bacterial standard. 


Hazen’s studies of filter sands were a large and permanent addition a 


to the working data of filtration. 


Boston follows on heels of Lawrence. Two generally overlooked — 


series of filtration experiments were started at Boston soon after the 
Lawrence station opened. The most important of these was insti- 
tuted by Desmond FitzGerald, superintendent of the western division 
of the water works, at Chestnut Hill reservoir, and extended through 
a half dozen years. Experiments were also conducted for two and a 
half years by Eugene E. Sullivan, superintendent of the eastern divi- 
sion. The FitzGerald studies were directed chiefly to the removal 


of micro-organisms and color. Both series of experiments were — 
mentioned year by year in the reports of the Boston water board — | 


the filters described, but no operating results are given. © 
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of the American or rapid filter. Attention thus far has been con- 


Bet, centrated on the English or slow sand filter. In America, at least, it 
; was to be displaced by the rapid or mechanical filter. This is g 
/ 7 distinctly American product, originating and continuing for a number 
} of years as a patented proprietary device for improving the physical 
aan characteristics of water. It got headway by its adoption in paper- 


a making and other industrial plants where clear, colorless water was 
essential to a high-grade product. It could be operated at a high 
rate per square foot of ground space and could be cleaned by reverse 
flow, with no labor for scraping and separate sand washing, as was 
required for slow sand filters; if desired it could be worked under 
pressure, by placing it in a pumping main; neither its installation nor 
operation cost was high. And, of great importance, it could clarify 
very turbid waters, without pre-sedimentation—although ultimately 
: presettling was generally used. Al!l this, or much of it, was made 

possible by the use of a coagulant which speedily formed a floc of 

hydrate of alumina on the top of the filter bed, with which was de- 

posited some of the sediment and bacteria in the water. This layer 
a of very finely divided material caught still more of the sediment and 
; bacteria. When the bed became clogged, at the surface and in its 
pores, the turning of a few valves reversed the flow of the water so it 
passed upwards through the filter instead of downward, and, on being 
7 wasted, carried off the dirty material. At the outset, the fact that 
7 bacteria were entangled in the floc and retained by the filter was as 
= little known as that the bacteria were removed by slow sand filters. 
“| Unfortunately for the early filter companies they paid more attention 

— to patentable improvements on their mechanical equipment, to sales 
| promotion, and to patent litigation than to scientific study of filtra- 
tion. 

First Hyatt municipal filter. The first rapid filter on a municipal 
water supply was put in use at Somerville, N.J., in 1885. It was 
named Hyatt, after Isaiah W. Hyatt, the man who patented it in 
1884. His main claims were the combination of coagulation and 
filtration, and cleaning by backwashing. Immediately, rival filter 
companies sprang up and numerous additional plants were installed. 
Ummediately, too, much contention arose over the relative merits 
of slow and rapid filters. 

a Providence tests slow and rapid filters. To throw light on these and 
other mooted points, a half dozen water works in the 90’s and early 
1900’s installed experimental filtration plants, generally comprising 
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both slow and rapid filters. First of these was Providence, R.I., 
operated from late March, 1893, until June 30, 1904, directed by Ed- — 
mund B. Weston, Assistant engineer in charge of water works under 
J. Herbert Shedd, city engineer. Neither in design or operation were 
the slow sand filters typical. Mr. Weston’s report was in favor of 
mechanical filtration (21). 

Louisville and four other experiments. ‘The next experimental plant == 
in this series was the epoch-making one installed by the Louisville __ 
Water Co., of which Charles Hermany was engineer. Thetestsasa 
whole were in charge of George W. Fuller, but the filters having been _ 
installed by their makers, each was in charge of a man of their choice. 
These tests extended from October, 1895, to August 1, 1897, with some 
breaks. Slow sand filters were ruled out in view of the showings of 
the tests ten years earlier. Fuller’s comprehensive report on the tests 
appeared in 1896, in make-up similar to that of Kirkwood’s St. Louis 
report 30 years earlier (22). It showed, among other practical things, | 
that mechanical filtration alone, as currently practiced, would be © - 
insufficient but that pre-sedimentation should be provided. It | 
threw much needed light on coagulation. Besides Fuller, the tech- 
nical staff at Louisville included Robert Spurr Weston, Joseph W. 
Ellms and George A. Johnson, for the water company; George A. 
Soper for one of the filter companies and William M. and Ira H. Jewell 
for another. 

Closely following the Louisville tests experiments were conducted 
at Pittsburgh by Allen Hazen, at Cincinnati by Fuller, and at Wash- 
ington and New Orleans by Robert 8. Weston, all including both slow 
and rapid filters. Louisville, Cincinnati and New Orleans subse- 
quently built rapid and Pittsburgh and Washington slow sand filters. 
These plants were not completed, however, until 1905 to 1909. At 
Providence, after a long and bitter struggle, slow sand filters were 
built, twelve years after the experiments there began. 

Twenty cities build slow sand filters. Application of the Lawrence 
experiments was made much more speedily; the city filters for Law- 
rence, Mass., designed by Hiram P. Mills, having been put in use in 
September, 1893. They were of the intermittent slow sand type, a 
type which gained no foothold although two or three places adopted 
them within a few years. About 20 American cities and water com- 
panies built slow sand filters in the last decade of the nineteenth 
century, Lawrence and Albany being the largest. 

It was the Albany filters of 1899 rather than the Lawrence filters 


of 1893 that set the standard for slow sand filter design in the earlier 
years of their wide use in the United States; and to the late Allen 
Hazen belongs the credit. 

Hazen’s “‘Filtration of Public Water Supplies.” A half dozen years 
in charge of the Lawrence Experiment Station, special work on sand 
selection and preparation for the Lawrence city filters, some months 

_ in charge of sewage disposal at the World’s Columbian Exposition, 
Chicago, during which he met sewage and water engineers from all 
parts of the world, combined to fit Hazen to get the most possible 
from his European trip and to write a valuable book on water filtration 
(23). This and further practical engineering experience, combined 
with a brilliant and resourceful mind, equipped Hazen to design the 
_ Albany filtration plant (23a). In it he combined the best that was 
to be gleaned from European knowledge and practice with the teach- 
ings of the Lawrence experiments and whatever there was to be 
learned from the Lawrence city filters and the few other American 
slow sand filter plants in existence when he began his work for Albany. 
Like the plant for Lawrence, the Albany filters had to deal with heavily 
polluted water. This the Albany filters did for a time, unaided except 
for preaeration in the presedimentation basins. Subsequently plain 
prefiltration, afterwards changed by stages to mechanical filtration, 
was added to cope with increasing pollution of the Hudson and in- 
creasing water consumption. Thus one of the worst polluted waters 
in the United States was treated until introduction, on November 10, 
1932, of a gravity supply, subjected to mechanical filtration. 

Five eras of water treatment in America. The Albany filters mark the 
_ elose of the third era in water treatment in America. In the first 
era, which extended, roughly, to 1870, sedimentation, more or less 
_ incidental to reserve storage, was practiced to clarify muddy waters, 
7 and there were in use a considerable number of small, crude filters, 
generally with upward flow, almost all working at so high a rate that 

| ‘a even if properly designed as filters they could serve only as strainers. 

During this era methods of developing underground waters, frequently 
galled “natural filtration,”’ were employed—infiltration or filter basins 

‘ and galleries. 


In the second era, 1870-90, both slow sand and rapid or mechanical 
filters were introduced. The slow sand filters followed the Kirkwood 
report of 1869; they numbered but three and, by dates, were confined 
to four or five years in the 70’s, beginning with the first and largest 
. 4 at Poughkeepsie in 1872. In the latter part of this era, Hermany 
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Antecedents of chlorination. Before chlorination of water as a 


VOL. 26, NO. 7| SKETCH OF HISTORY OF WATER TREATMENT a ae 


conducted the generally overlooked experiments with slow sand filters. — 
Coagulation and rapid or mechanical filtration of municipal supplies _ 
began at Somerville, N.J., in 1885. Up to 1890, and for some years 

after that, the largest city to put in mechanical filters was Atlanta, — 
Ga., the year being 1887, and the population (1890 census) 65,533. | 
As the population of Poughkeepsie in 1890 was 22,206, a 
filters were far in the lead in point of population at the close of the | 
second era. The same was true of the number of cities also, for 
against 3 having slow sand filters in 1890 at least 40 water works had 
mechanical filters. Although the Lawrence experiments began in > 
this era they were broadened and continued and their teachings 
practically applied in the next. If these experiments be left out of 
account, as they may be for present purposes, the second era falls in 
the pre-scientific stage of water treatment. 

Leading features of the third era, 1891-1900, were experiments on 
both slow and rapid filtration, the real beginnings of scientifically 
designed slow sand filters and a continuation of proprietary design 
and construction of mechanical filters. In other words, rapid or 
mechanical filtration continued in the pre-scientific stage, so far as 
filter building went, although there were marked improvements in 
design, while slow sand filtration advanced to the scientific stage. *. ee 
Also in this era the antecedents of water chlorination appeared. a 

The fourth era, 1901-1910, saw chlorination firmly established, | 
copper sulphate for algae control in reservoirs experimented with 
by the federal government in 1903-04 (24) and then come into _ 
extensive use to prevent tastes and odors. ‘This era was one of in- _ 
tensive rivalry between the advocates of slow and rapid filtration, © 
the latter now established on a scientific or engineering basis, as slow ”. 
sand filtration had been in the preceding era. 


nw DISINFECTION: FURTHER PURSUIT OF DISEASE GERMS 


permanent practice was begun sewage had been chlorinated at various - 
places in England, France and the United States. Most of these | vee 
installations were for purposes of demonstration and resulted in no — 
adoptions. Earliest of all were the Webster and the Hermite processes , 
of producing sodium hypochlorite from brine and from sea water, _ 
respectively. In 1893, Albert E. Woolf installed a small electrolytic 
brine plant by means of which he produced ‘‘Electrozone’’ to treat 
the sewage from a group of houses at Brewsters, N.Y., and in 1893, 
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one near by to dose the waters of Tonetta Brook, both plants being 
designed to protect the Croton water supply of New York City. The 
Brewsters plant was operated for a number of years. 

Aside from Woolf’s Tonetta Brook plant, the first known use of 
chlorination in water treatment, as also the first use of electrolyti- 
cally produced chlorine gas for that purpose, was in the Louisville 
filter tests. Here William M. Jewell generated and applied the gas 
to his test filter for a short time in January, 1896. In the spring of 
1897 he applied the gas to a test filter at Adrian, Mich.; and in the 
following autumn he used bleaching power or sodium chloride to 
bring the effluent of newly installed rapid filters to the “Michigan 
Standard.”’ 

Next in time (1897) comes the use of bleaching powder by Dr. Sims 
Woodhead to disinfect water mains after a typhoid outbreak at 
Maidstone, England. 

First permanent water chlorination plant. Five years later (1902), 
at Middelkerke, Belgium, the permanent use of chlorination was 
begun. This was brought to the attention of American water works 
men by George C. Whipple in 1906 (25) and was again brought to 
light here in a letter by William Boby, of London, England (26). 
The process ‘‘was invented,’ says Boby, “by my old friend, Dr. 
Maurice Duyk, at that time official chemist to the Belgian govern- 
ment.’’ Both chloride of lime and chloride of iron were used (0.2 
and 8 p.p.m.) fed through drip cocks to four gravity filters, each 5 feet 
in diameter. The water treated was from a badly polluted stream. 
Chlorination was continued, Mr. Boby informs the writer, until 
about 1921, when “‘pure spring water” was introduced. 

The second municipality to use chlorination year after year was 
Lincoln, England. First, however, it was used in 1904—05, much as at 
Maidstone, to disinfect water mains after a typhoid epidemic. 
Bleaching powder was employed for that purpose, under the direction 
of Dr. Alexander Houston, ‘‘with Dr. McGowan on the chemical side.” 
The bleach was then added to the water supply regularly, from 1905 
until 1911, when a new supply was introduced. 

Jersey City chlorination plant. The third instance of the permanent 
use of water chlorination, which was the first in the United States and 
for a time on far the largest scale, began in September, 1908, at the 
Boonton reservoir of the Jersey City water works. The chlorination 
plant resulted from a claim by the city that the Jersey City Water 
Supply Co. had not fulfilled its contract to provide a supply of ‘pure 
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and wholesome water,” and should therefore be required to build an 
intercepting sewer and sewage disposal plant to carry alleged pollu- 
tion below the Boonton dam. Early in 1908, Dr. J. L. Leal, sanitary 
adviser of the company, made experiments with both electrolytically- 
produced chlorine gas and with bleaching powder. With the approval 
of the trial court, which had ruled against requiring the company 
to go to the great expense to rectify bacterial conditions which it 
held occurred only a few days each year, the company installed a 
plant to add chloride of lime to 40 m.g.d. of water (27). Some 
years later, the city built, at its own expense, an intercepting sewer - 
and elaborate sewage-treatment plant. = 

“Bleach’’ yields to liquid chlorine. The use of “bleach’’ spread ie -4 
rapidly after that, but it soon yielded to liquid chlorine. In 1910, 
Major C. R. Darnell, U.S. Army, devised and used apparatus for 
applying chlorine gas to the water supply of Fort Meyer, Va. (28). 
In June, 1912, Dr. George Ornstein, with assistance from Harry 
F. Huy, developed apparatus for introducing chlorine gas into water 
and then applying both to the water supply of Niagara Falls, N.Y. 
In 1913, Philadelphia, which had been using chlorine for some time 7 
in a smaller way, contracted for ten liquid chlorination plants to | 
treat the water supply of the entire city (29). 

Historical and technical accounts of attempts to treat water and | 
sewage by electrolysis or other methods employing electricity and - 
books devoted entirely or in part to chlorination may be consulted : 
by any who wish to pursue the subject (30). 

Rapid filter design revolutionized. Before passing from the fourth - 
era it should be noted that although it was the Louisville experiments ; 
of 1895-97 that started rapid or mechanical filtration on a scientific 
basis the revolution in mechanical filter design was made in the plant 
built at Little Falls, N.J., by the East Jersey Water Co., with George 
W. Fuller as engineer, and put in use September 4, 1902. Besides 
other changes, Mr. Fuller substituted for the small circular wood or 
steel tanks of the filter companies, rectangular tanks of reinforced — 4 
concrete (31). By this and other means, including the expiration of — 
basic patents, rapid filters became subject to design by any competent 
water engineer and their construction was thrown open to general __ 
competition. The extensive tests of rapid filters already mentioned “y _ 
showed that bacterially rapid filters nearly equalled slow, while on 
highly turbid and colored waters the rapid filters were more efficient 
physically, more reliable and could be operated at less expense. 
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The last twenty odd years may be considered as the fifth era. Dur- 
ing it hundreds of cities in the United States have built filters. Fil- 
tration of underground supplies, either for the removal of iron and 
manganese or as an element in water softening, or for other purposes, 
7 is extending. Through its own merits, which have increased with 

time and the progress of the art, rapid filtration has forged ahead of 
the slow sand process and practically displaced it, except for some old 
plants still kept in use. Chlorination has contributed largely to the 
change, for while it is almost always used with either type of filter 
it is a more important supplement to rapid than to slow filtration, 
bridging the slight gap between them in bacterial efficiency and re- 
ducing the amount and therefore the cost of coagulants in mechanical 
filtration. 

Experiments in water treatment have been continued through the 
fifth era, notably those begun at Chicago in 1927 and continued on an 
extensive scale for several years and latterly on a small scale as special 
studies. 


MULTIPLE FILTRATION AND OTHER NOVELTIES 
odd tag 


The inadequacy of slow sand filters to deal with some waters, either 
heavily polluted or laden with fine sediment, led to the adoption of 
double and even sextiple filtration abroad and to its use in a few 
American cities. Examples of double filtration of highly polluted 
waters were afforded by the Grand Junction Water Co., London; 
_ Schiedam, Holland; and Bremen and Altona, Germany. Hazen 
mentions Schiedam in the 1895 and the other places in the 1900 
edition of his ‘‘Filtration’”’ (23). In England, rapid pre-filters were 
_ first used chiefly to ease the burden on slow sand filters, 30 to 35 years 
ago. They are now so used in a number of places, notably to treat 
a part of the London water supply. 
7 In America, pre-filters or scrubbers designed by Maignen were put 
~~ in use in the early 1890’s at South Bethlehem, Pa., and two of the five 

slow sand filtration plants at Philadelphia (Belmont and Lower Rox- 
borough) in the early 1890’s, while late in that decade rapid or me- 
chanical filters, without use of a coagulant, were installed at the 
Queen Lane and Torresdale plants, the later having a capacity of 248 
m.g.d. The Maignen scrubbers were abandoned long ago. Albany, 
.Y., after treating Hudson River water for many years by sedi- 
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mentation, aeration and slow sand filtration, put in pre-filters of the 
scrubber type and then, pending the introduction of a new rapid 
filtered gravity supply converted the scrubbers into rapid filters (32). 
Double filtration was begun at Montreal in April, 1918, but after a 
time the pre-filters and the final filters were operated separately, to 
give double the capacity originally intended. The plant was enlarged 
about 1928 to yield 180 m.g.d. (U.S.) of double-filtered water, the rapid 
pre-filters being operated without use of a coagulant. 

Puech-Chabal multiple filters. Puech-Chabal multiple filters have 
been used in two English and some Continental cities. Puech had 
much trouble with muddy water in his cloth factory at Mozamet, 
France. After trying filters of sponge, cinders and sand, and gravel 
and sand, he called in an engineer named Chabal (33), who designed a 
succession of filters, each of finer material and larger area than the one 
before it and working at a lower rate. By 1907 several plants were in 
use on the Continent (34). In 1912 the Derwent Valley Water Board © 
put in a 14.4-m.g.d. (U.S.) Puech-Chabal plant at Bamford which 
supplies Sheffield, Nottingham, Leicester and other English towns 
(35). Recent information on this plant follows: 


The Puech-Chabal filters precede slow sand filters. The water is from an 
upland catchment area, peat stained and sometimes rather turbid. The © 
Puech-Chabal filters remove most of the turbidity but not the color. 

The approximate areas and the materials of the compartments [tandem] 
are considerably finer than were originally provided: (1) 5,580 sq. ft.; }-to }-in. 
limestone chippings. (2) 7,965 sq. ft.; }-to }-in. calc spar gravel. (3) 20,655 
sq. ft.; sand similar to that of the slow sand filters that follow, but somewhat 
coarser. 

It is very unlikely that the board will install any more such filters, and 
I do not know of another plant in this country. We are now experimenting to 
see whether these “‘roughing filters’’ can be converted into sedimentation tanks 


to use with coagulants for removing both color and turbidity from the raw 
water. 

As a supplement to the Bamford filters the board has a 10.8-m.g.d. (U. 8.) 5 
“Bell’’ pressure filtration plant at Yorkshire Bridge (no sedimentation tanks) _ 
and intends to duplicate it ultimately (36). 


Drifting-sand filters. The drifting-sand filter is an interesting modi- 
fication of the rapid or mechanical filter. Its distinctive feature is the 
continuous washing and replacing of the sand by means of numerous 
ejector washers at the base of each filter tank and an eductor which 
forces the washed sand up to a central point above the sand bed from 
which it drifts downward through the water and forms in a cone- 
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shaped mass—like a small voleano in eruption. The first installation 
was one of a few thousand gallons at Merthyr Tydfil, Wales, about 
1913, which was followed by a much larger plant there. In 1915, 
a 72-m.g.d. plant was put in use at Toronto, Canada, to supplement 
a'60-m.g.d. slow sand plant (37). These two plants will be supple- 
mented by a 130-m.g.d. rapid filter of the standard type, scheduled for 
completion in 1935. (U.S. gal. used above.) A plant of consider- 
able size at St. Thomas, W.I., and plants at Brampton, Oshawa and 
Rockland, Ont., appear to be the only other ones of this type on 
municipal supplies. The drifting-sand filter was worked out by 
William Gore, of Gore, Nasmith & Storrie, Toronto. 

Anderson Process. Worthy of mention because of its use in a 
number of European cities and several unsuccessful attempts to intro- 
_ duce it here is the ‘Anderson process” or “Anderson revolving puri- 
fier’ for producing finely comminuted metallic iron and adding it to 
“gi water before application to slow sand filters worked at unusually high 
¥ _ rates. Scrap iron was put in a horizontally-placed closed cylinder, to 

_ the inner side of which iron plates were attached. By revolving the 
__ eylinder while water was passing through it powdered iron was pro- 

_ duced and carried by and with the water to the filters. The process 
was used in Antwerp, Dordrecht and other Continental cities and in 
Worcester; England. Demonstration plants were operated at several 
American water works in the late 80's and 90’s, including Boston and 
— §$t. Louis. A test extendng through some months was made at St. 
Louis and reported on at length by Wixford (38). 

Iron, aeration and upward filtration. A crude adaptation of the 
Anderson-process was installed by the Tacoma Light & Water Co. in 

the summer of 1892 and a more elaborate one by the city of Wilming- 
ton, Del., in 1894. At both places the water was passed rapidly 
through upward filters operated at a high rate. The Tacoma plant 
-_-was installed hastily to cope with tastes and odors, after designs by A. 
MeL. Hawks, under George H. Sellers, of Wilmington, Del., then 
chief engineer of the water company. Scrap iron was placed in each 
- of five level sections of a flume, between which were inclined sections 
. and an overfall to give aeration. A second plant was installed later 
7 ; in the same summer (39). 

—— The Wilmington plant, designed by Sellers, was larger and more 
r elaborate. After using scrap iron in revolving wooden boxes, which 
broke, bundles of iron rods suspended in moving endless chains were 

] substituted. These were placed at intervals in flumes through which 
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the water passed. Water from a reservoir giving 6 to 8 days storage © 
was passed down through truncated conical-shaped tubes, designed — 
to suck in air; then through goosenecks to the flume containing the © 
iron rods, then down to a sedimentation chamber beneath the filter | 
beds, up through the beds and over a water wheel (one to each bed) 

Before the filtered water went to the pumps © ae 
compressed air was admitted through a 2-inch pipe. The filters 
operated at a rate of about 43 m.g.d. This curiosity in water treat-_ 
It was used for a number of years with 
little if any analytical test of what it accomplished, then abandoned © 


which rotated the rods. 


ment cost about $100,000. 
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(40). 
TABLE 1 

Progress of filtration in the United States in terms of population  =— = 

MECHANICAL 
1870 (1) None None None 0.00 
1880 (1) 30,000 | None 30,000 | 13,300,000 0.23 —- 
(1) 35,000 275,000 310,000 | 21,400,000 1.45 

1900 (1) 360 ,000 1,500,000 | 1,860,000 | 29,500,000 6.30 \ ee 

(1) 3,883,221 6,922,361 | 10,805,582 | 38,350,000 28.20 

1917 (2) 4,882,000 | 13,411,000 | 18,293,000 

4924 (3) 5,054,000 | 18,610,000 | 23,664,000 : 

1930 (4) 35,000,000 | 68,954,000 45.00 


(1) Whipple, George C.: Proc. Congress of Technology, 1911; reprinted in 


Ellms’ Water Purification. 


(2) Johnson, George A.: Rapid Sand Filtration, Jour. N. E. W. W. Assoc., 
XXXI, No 3, pp. 390-473. Some populations from 1920 Census; some es- 


timated. 


(3) Gillespie, C. G.: Census of Filtration Plants; Jour. Am. W. W. Assoc., 
Population too low because plants of less 
than 1-m.g.d. capacity are excluded and many of the populations are from 
the 1920 Census, the rest being estimates. 


Vol. 14, pp. 123-42 (Aug., 1925). 


too small for reason already given. 


(4) Streeter, H. W.: Census of Municipal Water Purification Plants in the 
United States, 1930-31 (populations from 1930 Census). 
Published by Am. W. W. Assoc. 


ference of State Sanitary Engineers. 


mary not strictly comparable with others because it includes all treatment 
plants except those using chlorination only, and thus about 150 that do not 
This makes total populations too high while the Johnson 


employ filtration. 


and Gillespie figures are too low. 


Number of plants for 1924 is also 


Compiled for Con- 
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GROWTH OF FILTRATION 1870-1930 


To show the growth of North American filtration plants in numbers 
and in population served all known available information has been 


TABLE 2 
Growth in numbers of filter plants in the United States and Canada 
are 49. UNITED STATES CANADA 
five ee Slow | Rapid | Total Slow | Rapid | Total 
! 
1882 (1) 3 0 | 3 0 1 1 
1889 (2) 3 52 55 0 1 1 
1896 (3) 12 103 115 
1899 (4) 19 143 162 1 1 
1901 (5) 21 141 162 
1915 (6) 72 
1917 (7) 54 682 736 6 39 45 
1924 (8) 47 587 634 
1930 (9) 1,545 
1933 (10) 125 
(1) Croes: Statistical Tables of American Water-Works, 1883. 
(2) Baker: Manual of American Water-Works, 1889-90. : a 
(3) Same, 1897; figures approximate. 


(4) Hazen: Filtration of Public Water Supplies, 3 ed., 1900; a partial list. 

(5) Baker: Municipal Year Book, 1902; omits places ‘under 3,000 by 1900 
Census. 

(6) Canadian Commission on Conservation, 1916. Probably includes filter 
galleries and various crude filters or strainers. 

(7) Johnson: Status of Water Filtration in North America (paper read in 
January, 1917), Jour. N. E. W. W. Assoc., Mar.—Dec., 1917, p. 390. 

(8) Gillespie: Filtration Plant Census, 1924, Jour. Am. W. W. Assoc., Vol. 
14, pp. 123-142 (August, 1925); omits plants under 1 m.g.d.; uses Johnson’s 
1917 figures for New York State. 

(9) Streeter: Census of Municipal Water Purification Plants in the United 
States, 1930-31; made for Conference State Sanitary Engineers; publication 
sponsored by Am. W. W. Assoc.; total is approximate, as original bunched 
together all water treatment plants other than those that chlorinated only, 
so non-filtration plants had to be counted out by using the key letter ‘‘F.” 

(10) Baker: Compiled from Water Works Statistics in Canadian Engineer, 
April 10, 1934; includes everything listed as a filter plant, except what appear 
to be mere strainers; excludes filter galleries; total is approximate. 


brought together in tables 1 and 2, the first showing populations for 
the United States only and the second number of plants for both this 
country and Canada. In each table, so far as possible, the figures for 
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slow and rapid filters and the combined totals are given. As the 
original data are for ten different years and were compiled by almost 
as many persons they are not strictly comparable but they are the 
best figures available and, the author feels sure, have never before 
been assembled. Foot notes indicate the sources of the data. 

The figures of growth will be allowed to speak for themselves, except 
to note that in the last half century filter plants in the United States 
have increased from 3 to 1,550, or 500-fold and the population sup- 
plied from 30,000 to over 30,000,000 or 1,000-fold. In addition, 
there are 175 plants which give other forms of treatment, not includ- 
ing the 1,380 plants which chlorinate only, thus making 3,100 plants 

of one kind or another. How many water works there are in the 

United States today no one knows, but it is safe to say that 6,000 
supply raw water and that a goodly number of these supplies might 
be improved by some kind of treatment. 

Even so, it is a subject for congratulation that 35,000,000 of our 
- population has filtered water. Add to this 23,000,000 that has 
chlorination only gives 58,000,000 or 85 per cent of the urban popula- 
tion in 1930. 

_ Abroad the writer knows of no recent filter statistics except those 
given yearly for individual towns since 1929 by the ‘Engineers’ 
Pocket Book and Water Directory.” Unfortunately, they are not 
summarized. A rough count by the writer (41) indicates that of 642 
water works listed in the 1929 directory some kind of filtration was 
reported for 240, just under 100 were described as rapid or mechanical. 


SEDIMENTATION WITHOUT AND WITH COAGULATION 


a Thus far filtration has had chief consideration. In this country 
sedimentation was brought to the front by the muddy waters of the 
West and South. This came before filtration, or else to relieve the 
burden of mud on the filters. The physical laws of sedimentation 
and their application to the design of settling reservoirs received little 
scientific study until 1888-90 when notable research work was done 
by James A. Seddon, assistant engineer on the low-service extension 
of the St. Louis water works (42). During the many experiments on 
the filtration of turbid waters, sedimentation received much attention, 
particularly as regards the optimum period of subsidence prior to 
filtration, taking into account capital and operating charges for both 
sedimentation and filtration. Gradually it became evident that for 


nuted, sedimentation must be aided by coagulation. 


water high in suspended matter, particularly when highly sai ; 
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Ancient and modern use of coagulation. Coagulation to hasten and 
- inerease sedimentation has been practiced for thousands of years in 

_ various parts of the world and is now regarded as an essential to 
mechanical filtration. A hundred years ago, Darcet published an 
~ account of the purification of Nile water by coagulation with alum 

and the use of household filters (43). Early attempts at filtration 
the use of alum are given by Delbruck ina general article, published 
in 1853 (44). 

Coagulation was mentioned casually by James Simpson in the 1840’s. 
Kirkwood does not mention it as having been seen or heard of by him 
in Europe in 1866. In the first edition (1895) of his Filtration” 
Hazen says ‘‘.... alum has been used in connection with sand filters 
_ [italics mine], particularly at Leeuwarden, Groningen and Schiedam 
in Holland, where the river waters used for public supplies are colored 
_ by peaty matter which cannot be removed by simple filtration.”’ 
Hyatt combines coagulation and filtration. In the United States 
- coagulation and rapid filtration came together in 1885 at Somerville 
and Raritan, N. J. Three years before, the Somerville Water Co. 
had built works taking water from the Raritan River, which “flows 
through a red shale district, and the water before filtering is much 
discolored, except in dry weather, and contains sediment (45).”’ 

As an aid to subsidence, coagulation was first used in the United 
States at Kansas City, Mo., in or about 1887, and next at Omaha, 
Neb., August 1, 1889. Alum was used in each case. The third 
adoption was at St. Louis, Mo., where, in order to have better-looking 
water for the Louisiana Purchase Exposition, an installation was put 
_ in use on March 22, 1904. This plant was designed and built by Ed- 
ward E. Wall, then principal assistant engineer to Ben C. Adkins, 
- water commissioner. A few years later Wall built a permanent coagu- 
lant house, with notable automatic equipment to handle the large 
quantities of lime and iron sulphate used as a coagulant (46). 

x Modern water softening. Softening municipal water supplies is 
: nearly a century old. The well-known British patent of Thomas 
_ Clark for the lime-and-soda-ash process, taken out in 1841 and, 
_ either directly or with variations largely concerned with apparatus, 
has been widely used throughout the world. It was described by the 
_ patentee in 1856 (47). Nineteen years later Baldwin Latham de- 
scribed water softening from biblical and classical times until 1885, 
including a lengthy extract from Clark’s paper of 1856. 
In China, the continuation of an ancient Chinese method of soften- 
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ing water was found in use some 20 years ago by Col. William M. 
Sibert, who wrote: 


When first I boarded our houseboat [in or just before 1914] I saw a Chinaman 
moving a cane back and forth in a large earthen vessel of water... . . I found 
that the cane had been pierced with smal] holes and that it was full of alum. 
This alum, in dissolving, clarified the water. .... This method of clarifying 
water I found had been used in China for centuries (48). 


To Winnipeg belongs the honor of opening the first municipal water 
softening plant in Canada, and to Oberlin, Ohio, the first in the United 
States, in 1901 and 1905, respectively. Of the larger American cities, 
Columbus followed in 1908, New Orleans in 1909 and St. Louis in 
1915. 

Zeolite or base-exchange water softening was first used on a munic- 
ipal water supply in 1923, at Wyomissing, Pa., and has since been 
introduced in perhaps 15 other places. 

The total number of municipal] softening plants in the United States 
early in 1934 was probably in excess of 150—few in comparison with 
the cities and towns supplied with very hard water. 


OZONE AND ULTRA-VIOLET RAY 


Sterilization or, more correctly, disinfection of public water sup- 
plies, is now widely used in the United States and Canada—almost 
entirely by means of chlorination, now chiefly liquid chlorine. Chlori- 
nation is used, but less widely, in great Britain. 

Although a number of cities in France, Germany and Russia have 
installed ozone plants, only 6 or 8 places in the United States and 
Canada have done so, mostly some years past; only 3 plants are now 
in use: Delhi, N. Y., dating from 1928 (49); Long Beach and Hobart, 
Ind., 1930 and 1932 (50). At Delhi and Hobart the water is passed 
through rapid filters before ozonization; at Long Beach, Lake Michi- 
gan water is ozonized without filtration. 

The ultra-violet ray has been adopted by a half-dozen small Ameri- 
can cities (51). What seems to have been the first ultra-violet ray 
municipal installation in this country was put in use at Henderson, 
Ky., to treat filtered water (52), but local conditions for obtaining 
electric current are said to have been unfavorable and the plant was 
shut down. 

Neither ozone or the ultra-violet ray had been used on municipal 
water works in Great Britain up to the close of 1933 but one or more 
ozone plants were then under consideration (53). 
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DEFERRIZATION AND DEMANGANIZATION 


Removal of iron from underground water began in Europe at least 
as early as 1874 but not until 1893 in the United States. Writing in 
1914, Robert S. Weston (54) said that following an installation of 
sand and gravel filters for iron removal at Charlottenburg, Germany, 
iron removal was adopted at Berlin, Hamburg, Breslau, Dresden, 
Leipsic, Kiel, Brunswick, Hannover and other German cities. In his 
“Filtration’”’ Hazen says that among the earliest iron removal plants 
were those at Amsterdam and The Hague (23). 

In the United States, the first iron-removal plant was one of 0.5 
m.g.d. capacity, put in use by Atlantic Highlands, N. J., in October, 
1893. Asbury Park followed with a 2-m.g.d. plant, started up on 
Jan. 11, 1895. In the same year Keyport, N. J., put a plant in use. 
No coagulants were used at Asbury Park or Atlantic Highlands. 
Lime was applied at Keyport. Considerable aeration was given at 
Asbury Park by the air-lift pumps used in the deep wells. Extensive 
studies of the operations at Asbury Park were made by Dr. Thomas 
M. Drown and Robert 8. Weston (55). 

At Reading, Mass., an iron removal plant was completed about the 
- middle of 1896. Here, also, the water was treated with lime and 
_ passed through mechanical filters (56). 

All these plants were small. On June 15, 1924, a plant treating the 
deep-well supply of Memphis, Tenn., was placed in operation. Mem- 
phis, with a population in 1930 of 253,143, is the largest city in the 
_ United States that takes its entire supply from wells. 

The Breslau calamity. Manganese as well as iron sometimes gives 
trouble in underground water supplies. Says Weston (54): ‘Until 


the Breslau [Germany] calamity in 1906 when the managanese in the 


well supply rose suddenly to 220 p.p.m., little attention was given to 
manganese.’’ Middleboro, Mass., seems to have led American towns 
in building a plant for both deferrization and demanganization, which 
it put in use September 26, 1913. Sprinkling nozzles discharge water 


onto a coke trickler or aerator after which it passes to a settling basin 


and then to a filter. Larger iron-and-manganese removal plants 
went into use at Lowell and Brookline, Mass., October 16, 1915, and 
August 20, 1916. The Brookline plant was built under the direction 


of F. F. Forbes, veteran engineer-superintendent of the Brookline 


water works (57). A still larger American city now removing iron 
and manganese from its water supply is Providence, R. I., dating 
from August, 1931. 
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Color removal was one of the objects, sometimes the principal one, 
for installation of rapid or mechanical filter plants at their inception in 
the mid-eighties and has continued to be every since. Reliance has 
also been placed on exposure to sunlight in large storage reservoirs. 
Size of plant and high color of the water makes the plant built at Nor- 
folk, Va., about 1890, a notable early example. Much later, color 
reduction by excess coagulation was introduced at Springfield, 

GOITRE AND TYPHOID CONTROL 


Goitre. All the kinds of water treatment mentioned thus far have 
been designed to improve or conserve the quality of the supply. 
There remains to be noted the addition of a chemical to water to 
prevent disease in quite another way—sodium iodide applied to 
waters deficient in iodine and on that account inducing goitre. Iodi- 
zation of a municipal water supply was first practiced at Rochester, 
N. Y., in April, 1923, at the suggestion of Dr. George H. Goler, health 
officer, under the direction of B. C. Little, then superintendent of 
water works (59). Dr. Goler was an earnest believer in iodization. 
On December 29, 1931, he informed the writer that it continued to 
give a “reduction in simple goitre of more than one-half as shown by 
annual medical school inspections. The iodine costs less than one 
cent per person per year.”” This would amount to some $3,500 or 
$4,000. Shortly after writing his letter Dr. Goler’s long and notable 
career as health officer of Rochester came to an end. His successor, 
Dr. A. M. Johnson, reports that in 1932, “‘because of economy we used 
only one-half the amount of iodine previously used—limiting the 
number of days that additions were made,”’ while in 1933, “because of 
a reduced appropriation, we had to omit it entirely’’ (60). 

The second American city to adopt iodization was Sault Ste. Marie, 
in August, 1923. The plan, writes Henry A. Sherman, city manager, 
was to dose the water for two weeks twice a year, but after one period 
“the Michigan Medical Association persuaded the salt companies of 
Michigan to put iodide in the table salt, after which we found it 
unnecessary to treat the water supply”’ (61). 

A reported adoption at Virginia, Minn., has proved on investiga- 
tion to be an error. Iodization was recommended for Minneapolis 
June 23, 1924, by A. W. Mellon, superintendent of filtration, and 
endorsed by the Hennepin County Medical Society. Opposition by 
Christian Scientists and the American Medical League prevented 
its adoption (62). 
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Anaconda keeps it up. The third American user of iodine, and the 
only one to keep it up, is the Anaconda Copper Mining Co., Anaconda, 
Mont. It began the practice in April, 1925, and, according to H. M. 
Johnson, superintendent of water works, has continued it ever since, 
The salt is applied to the water for 14 days, twice a year, by means 
of solution-feed apparatus, at the rate of 0.064 pound per million 
gallons, or 0.0003 gram per gallon (63). 

British water district tries todization. Abroad the only reported use 

of sodium iodide to control goitre, and that for a year only, is by the 
Ilkeston and Heanor Water Board, which supplies the places named, 
and also Chesterfield (combined population, about 165,000). Alfred 
E. Smith, engineer and manager of the board named, states that use 
of the salt began in October, 1924. It was admitted by drop feed 
at the rate of 3 oz. per million gallons. A day’s supply of the agent 
was added to 1 gallon of water. The solution was fed into the suction 
pipe of the main pumps. Iodization was adopted on the advice of 
Dr. Barwise, medical officer of health for the county of Derbyshire. 
He was compiling data on the results attained but died before the end 
of the 12 months during which the agent was used. Mr. Smith writes: 
“ ... there appears to be little doubt that the water supply is the 
chief agency in the production of goitre..... Goitre within the dis- 
trict of the board’s supply was slowly disappearing and at the present 
time I believe it has entirely disappeared.’’ He believes that the 
iodide helped in this but that the most important part was played by 
improvements in the supply (64). All the places supplied by the 
water board named are in Derbyshire, the county famed for the “Der- 
byshire necks’’ of Dr. Buchan’s ‘‘Domestic Medicine”’ of 1769. No 
other places in England have iodized water supplies (51). 

Typhoid reduction. In the field of public health by far the greatest 
part played by public water supplies has been the reduction of water- 
borne diseases, particularly cholera and typhoid. For this, filtration 
and chlorination deserve much credit. In the 80’s and 90’s, Johnson’s 
“Typhoid Toll’ shows, typhoid in many American cities caused from 
50 to 100 and in some extreme cases in some years 150 to 180 deaths 
per 100,000. By 1915 the mortality had been greatly reduced (65). 
Since Johnson’s figures were compiled the rates have declined greatly 
until in recent years it has not been uncommon for city after city to 
go one or more years without a single typhoid death. In 1932, the 93 
cities of 100,000 or more by the 1930 Census half had rates under 2, a 
few had no typhoid deaths, and nearly every city was well under 10 
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the Taste and odor control. Aeration to remove odors and tastes in 
da, water came many years before the use of copper sulphate to prevent 
M. algae growth and decay and the consequent evil smells and tastes. 
ce, In September, 1884, compressed air was introduced in the reservoir 
ng of the Hackensack Water Co., at Hoboken, N. J., under a system 
on devised by Albert R. Leeds, professor of chemistry, Stevens Institute 
of Technology (67). Experiments with this method of aeration were 
se made at Philadelphia in 1884 (68). According to Brush, aeration 
he was still in use at the Hoboken reservoir in June, 1887 (69). Allen 
d, Hazen put jet aerators in the pre-sedimentation basin of the slow sand 
ad - filtration plant at Albany, in 1899. Earlier than that aeration jets 
se or fountains had been used by many water works and aerators of 
ad various types had been an essential element in iron-removal plants 
at built in the 90’s. In later years, aerators have been used with many 
mn filter plants of both types, as well as where filtration is not practiced. 
of Some of the aerators are large and spectacular. 
e. Besides odors and tastes due to the growth and decay of algae the a 
d water engineer and superintendent sometimes have to contend with q a 
3: odors due to sulphur compounds and to organisms fostered by sulphur, - 
e iron and manganese. More often, since the use of liquid chlorine, ‘ | 
- taste troubles have arisen from the chlorine, particularly where phenol 
t bearing wastes, as from gas and coke plants, are discharged into ry EB 
e water treated by chlorine. The best remedy for the latter is to induce _ 
y the industrial plants to keep phenol out of the water supply. Tastes 
e due to the use of liquid chlorine under more normal conditions are 
- prevented by proper regulation of chlorine dosing and by the use of ; 
) ammonia or, quite recently, activated carbon. —— 
Twenty years ago, the late Dr. William T. Sedgwick, in one of his . : 
| many notable papers, said the age of water refining had come (70). . 
} That is even more true now than in 1915. Besides rendering water _ 7 
safe to drink by the removal of bacteria and pleasant to look at and to a” 7 
taste, by the reduction of color and other means, it is now softened, - 7 
deferrized, de-manganized and rendered anti-corrosive. Thus water : 7 
treatment today is a highly developed science and art, with many ; 
branches. Often these are combined in a single many-purpose 
Three examples of this are found at Tampa, Fla., Beverly Hills, Calif., 
and Providence, R. I., where what may be called five-purpose, on oa : 
purpose and six-purpose treatment plants are in 
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At Tampa, river water is softened, decolorized, recarbonated, filtered 
and chlorinated, in a plant built for the Tampa Water District after 
designs by Nicholas 8. Hill, Jr. This plant was put in use late jp 
1925, following experimental work directed by Mr. Hill in 1924-95 
(71). 

Operation of the Beverly Hills plant was begun in May, 1928, 
It aerates, softens, filters and chlorinates well water to remove hydro- 
gen sulphide, hardness, sulphur and organisms (beggiatoa, from sul- 
_ phur), crenothrix and manganothrix (from manganese and iron). In 
addition the filters are chlorinated to prevent the mud-ball formation 
caused or aided by the crenothrix and manganese organisms (72). 
Methods and objectives at Providence. Changes in water treatment 
at Providence, R. I., since the rapid or mechanical filtration plant 
was put in use in 1926 have been many, including measures to remove 
_ iron and manganese. The writer is indebted to Edward L. Bean, 
chemist of the plant, for the following succinct account of the changes 
and an enumeration of the methods and many purposes for which 
the water was being treated on May 1, 1934: 


During the first five years treatment consisted of aeration, alum coagula- 
tion, filtration, secondary aeration, and lime treatment for corrosion preven- 
tion (73). On August 9, 1931, change was made to the following: copperas 
dosing, aeration, lime dosing, coagulation, filtration, aeration—the iron and 
lime and lime having been added to remove manganese (74). June, 1932, this 
was modified by introducing chlorine into the copperas solution, forming 
chlorinated copperas (75). This was continued until June 22, 1933, when 
the chlorinated copperas was replaced by ferric sulphate (‘‘Ferrisul’’) as 
coagulant. 

Present treatment is, therefore: water from 37,000-m.g. impounding reser- 
voir is dosed with ferric sulphate, aerated, lime-treated to pH 9.6-9.8, coagu- 
cy ~ lated (nearly two days retention for sedimentation) filtered and aerated. 
_ Treatment supplemented by chlorination for bacterial control, and activated 

carbon for removal of microérganisms’ tastes, when required. 

Process now removes iron, manganese, color, turbidity, bacteria, and 
_ stabilizes water for prevention of corrosion and allied distribution troubles. 


ry 


The aim of this sketch has been to show the slow and halting prog- 
ress of water treatment until a century ago, the gropings and rule-of- 
thumb practices of the next 50 years and the great advances of the 
last half century. These advances have been due to the combined 
efforts of the engineer, the chemist and the biologist—who are still 

looking ahead to greater triumphs. 
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(Nors: The author is gathering material for an extensive-intensive history 
of the development of water treatment, including early concepts of the art 
and of the relation of water to health and diseases. He would be pleased to 
have his attention called to sources of information not indicated in the fore- 
going text or in the References that follow this note. He would be particularly 
grateful for correction of errors which have crept into the sketch through 
condensation of a vast mass of notes; for citations of examples of water treat- 
ment of any kind prior to the Simpson filters at London (1828) and the Stein 
filters at Richmond (1832); and for notes on any typical slow sand filters built 
in the United States or Canada before 1890, besides those at Poughkeepsie 
and Hudson, N. Y., and St. Johnsbury, Vt. Memoranda on American recom- 
mendations for filtration or other water treatment plants prior to 1865, and on 
water treatment experiments prior to 1890, not mentioned in the sketch, would 
also be welcome. Please address M. N. Baker, 53 Oakwood Ave., Upper 
Montelair, N. J.) 
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JAM, A., 100: 1491, May 13, 1933 and 98: 1550, April 30, 1932. _ 


TYPHOID FEVER IN THE LARGE CITIES OF THE UNITED ~ 7 

STATES IN 1933! 


This report deals with the same ninety-three cities that have been 
discussed in the corresponding articles covering the years 1930, 1931 
and 1932. The number of deaths from typhoid during 1933 in each — 
city (except Scranton, as explained in a note to table 2) has been 
supplied by the respective health departments. As the United States 
Bureau of the Census has found its usual method of computing the 
midyear populations of the large cities unsatisfactory for 1933 on 
acount of the effects on such populations of the present economic 
conditions and has therefore made no estimates as of July 1, 1933, the 
rates in the present article are based on the estimates of the Census 
Bureau for July 1, 1932. + 

The problem of including in the rates for each city the typhoid 
deaths of nonresidents is as conspicuous as it has been for some years. 
In thirty-one of the ninety-three cities we are informed that one third 
or more of the typhoid deaths were in nonresidents; in seven of these 
thirty-one cities all the typhoid deaths were in nonresidents. These 
are indicated in table 9, which should be referred to also in studying - a, 
tables 1-8.2 

Particulars as to the data that are unavailable for certain cities 
(noted in tables 2-8 as “incomplete data”) are given in the report 
covering the year 1932 and in the footnotes to these tables in all &. 
earlier articles. 

The large New England cities again make an excellent record = 


1 Reprinted from the Journal of the American Medical Association, 102: 20, — 
May 19, 1934, page 1677. The preceding articles in this series were published 
in the same JouRNAL, May 31, 1913, p. 1702; May 9, 1914, p. 1473; April 17, 1915, 
p. 1322; April 22, 1916, p. 1305; March 17, 1917, p. 845; March 16, 1918, p. 777; 
April 5, 1919, p. 997; March 6, 1920, p. 672; March 26, 1921, p. 860; March 25, 
1922, p. 890; March 10, 1923, p. 691; Feb. 2, 1924, p. 389; March 14, 1925, p. 813; 
March 27, 1926, p. 948; April 9, 1927, p. 1148; May 19, 1928, p. 1624; May 18,1929, 
p. 1674; May 17, 1930, p. 1574; May 9, 1931, p. 1576; April 30, 1922, p. 1550, and — 
May 13, 1933, p. 1491. 

?The problem of the nonresident has been discussed at some length in — 


939 


- 
ich, 
W. 
0c., 
‘ol. 
ich 
m. 
les 
B. 
0., 
7, 
id 
p. 
f | 
nd, 


940 TYPHOID FEVER IN UNITED STATES IN 1933 [J. A. W. Ww. 


(table 1). Three cities (Fall River, Lynn and Waterbury) had no 
typhoid deaths within their borders for the third consecutive year, 
Two other cities in this group (New Haven and Worcester) report 
that the only typhoid deaths occurring in 1933 were in nonresidents, 
In the past four years (1930-1933) all but five (Boston, Hartford, 
Springfield, Lowell and Providence) of the New England cities have 
had at least one year of complete freedom from typhoid mortality, 
Perhaps the most yume noe record in this group is that of Boston, 
which registers the ve very low rate of 0.2, the lowest in its history and 
«ot TABLE 1 vim. (its i 
Death rates of fourteen cities in New England States from typhoid per hundred 
thousand of population 


1933 | 1932 | 1931 | | | 1920 | 110 
Ball 0.0*| 0.0°| 0.0 | 2.2 | 2.3 | 8.5 | 13.4] 13.5 
0.0. |. 1.8.| 1.6. 1.3.9 7.2] 14.1 
Waterbury............. | 1.21.10 | 
0:2. 100.6 | 9.0 | 16.0 
Hartford. 0.6 1:3 | 2:5 | 6.0 | 15.07 196 
Springfield.............| 0.6 1.9 2.6 0.4 2.0 4.4 | 17.6 | 19.9 
ee 0.7 | 0.0 | 0.7 | 0.5 | 2.2 | 4.8 5.0 | 10.3 
New Haven........... 1.3 12 1.2 | 0.6 | 4.4 | 6.8 | 18.2 | 30.8 
as 1.8 | 3.8 8.7 | 21.5 
Cambridge............. 1.8 4.3 2.5 40] 9.8 
New Bedford........... 1.8*} 0.0:j 1.8: |.1.8 } 1.7 6.0 1.15.0} 16.1 
Somerville.. .....:......|,1.9' | 00 | 0.0 1.3 1.6 } 2.8 7.9 | 12.1 


* Rate computed from population as of April 1, 1930, as no estimate for 
July 1, 1932, was made by the Census Bureau. 


one of the lowest ever recorded by an American city with more than 
500,000 population. At that, it is stated that one third or more of the 
reported typhoid deaths were in nonresidents. The group asa 
whole reports a new low average for 1933, making it practically certain 
that the New England cities, with a population of more than 2,500,- 
000, will not average one typhoid death per hundred thousand inhabi- 
tants in the current five year period. This group of cities is excelled 
only by those of the East North Central states (table 4). 
The cities in the middle Atlantic states show even greater improve- 
ment in 1933 than in the preceding year and record an average rate 


a 
4 =) 
ix 
= 


26, NO. 7] TYPHOID FEVER IN UNITED STATES IN 1933 941 


TABLE 2 

Death rates of eighteen cities in Middle Atlantic States from typhoid per hundred — 

thousand of population 

| 1932 | 1931 | 935 | | 020 | | 1910 

Elizabeth.............. 0.0 | 0.0 4.3 1.6 2.4 3.3 8.0 | 16.6 © 

0.0 | 0.7 | 2.9 | 1.0 | 3.3 4.1; 9.1)19.3 
RRS AE: 0.0 | 0.9 | 0.0 | 1.6 | 6.0 | 10.0} 31.9 | 42.0 
0.0 | 0.7 1.4 | 0.5 1.7 4.8 5.0 | 10.3 
Pittsburgh............. 0.2.) 1:8. 2.4 }.3.9 7.7 | 15.9 | 65.0 
0.3 1.2 2.7 8.1 | 15.4 | 22.8 
Jersey City............ 0.3 | 0:6 | 0.3 | 0.9 | 2.7 4.5] 7.2] 12.6 
0.3.4 0.3°7 0.97 2.1 2.9| 9.6] 12.8 
Newark................|] 0.4 | 0.9 | 0.2 | 0.9 | 2.3 3.3] 6.8] 14.6 
Philadelphia...........| 0.6 | 1.3 | 0.9 | 1.1 | 2.2 4.9 | 11.2} 41.7 
ARRAS Be 0.8 | 0.8 | 2.3 | 1.8 | 5.6 8.0 | 18.6 | 17.4 
a ae 0.9 | 1.7 | 0.8 | 0.9 | 2.3 6.9 | 49.0 | 46.6 
eae 0.9 | 0.8 1.1 1.3 2.6 3.2 8.0 | 13.5 
Syracuse...............| 1.8 | 0.5 | 0.5 | 0.8 | 2.3 | 7.7 | 12.3 | 15.6 
ee eee 2.4 | 0.8 | 1.6 | 2.1 | 8.2 8.6 | 22.3 | 28.1 
$3.3 | 2.5 | 4.2 | 4.4 5.9 49} 45] 4.0 

3.4 1 1.4} 2.13 1.8 | 2.4 3.8} 9.3 | 31.5 


* Incomplete data. 
t Typhoid deaths for Scranton furnished by Pennsylvania Department of © 


Health, Harrisburg. 


TABLE 3 
Death rates of nine cities in South Atlantic States from typhoid per hundred - _ 
thousand of population 7 
Baltimore..............| 0.4 | 0.6 | 3.1] 3.2] 4.0] 11.8 | 23.7 | 35.1 
Jacksonville............| 1.4 | 2.8 | 3.0] 4.4 4 
Richmond..............| 1.6 | 2.7 16] 1.9] 5.7] 9.7] 15.7) 34.0 
Wilmington............| 1.9*| 0.9 1.9| 3.1] 4.7 | 25.8f| 23.2f| 33.0 
Washington............ 3.6 | 1.4] 2.8] 5.4] 9.5] 17.2 | 36.7 
6.0 | 8.8 | 12.6} 11.1} 14.5} 14.2} 31.4) 58.4 
* Rate computed from population as of April 1, 1930, as no estimate for 4 
July 1, 1932, was made by the Census Bureau. q 


t Incomplete data. 
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of less than one per hundred thousand for the second year in succes. 
sion (table 2). Five cities in this group (Elizabeth, Paterson, Read. 
ing, Utica and Yonkers) report the complete absence of typhoid deaths 
during the year 1933, Elizabeth for the second year in succession, 
Utica has had a perfect record in three out of the past four years, 
Pittsburgh, which twenty-five years ago lost annually from typhoid 


7" one of its citizens in every 1,500 of population, now reports but 


Death rates of eighteen cities in East North Central States from ae. per 
B. hundred thousand of population 


Gantone. «5. 0.0 | 0.9 1.9 1.4 3:3 | 6:9 
Evansville............. 0.0 1.9 | 0.9 | 6.2 5.0 | 17.5 | 32.0 | 35.0 
1.8 | 0.0 1.6 4.6 | 22.7 | 18.8 | 46.9 
Borh 0.0 | 2.5 1.7 | 4.2 }12.9| 7.3 
Grand Rapids..........| 0.0 | 0.0 1.2 1.0 1.9 9.1 | 25.5 | 29.7 
Chicago................} 0.3 | 0.4 | 0.4 | 0.6 1.4) 2.4] 8.2] 15.8 
Milwaukee............. 0.3 0.0 0.3 0.8 1.6 6.5 | 13.6 | 27.0 
SS a 0.5 1.0 0.4 1.9 3.3 9.3 | 14.8 | 22.5 
Indianapolis........... 0.5 1.6 1.6 2:7 4.6 | 10.3 | 20.5 | 30.4 
Pets PA. 2200 0.6 | 0.5 | 0.7 1.3 4.1 8.1 | 15.4 | 22.8 
0:9 | 3:0 | 0:4 | 2:5 3.2] 3.4] 7.8 | 30.1 
0.9 | 1032 3.7 | &.7 | 164 
South Bend 1.0 | 0.0 | 0.0 
SE Ee ae 0.4 1.5 1.5 2.4 | 10.6 | 21.0 | 27.7* 
SS ory 1.3 | 0.7 2.0 3.0 5.8 | 10.6 | 31.4 | 37.5 
Youngstown........... 7.2 | 19.2 | 29.5 | 35.1 

* Incomplete data. ea 


a single typhoid death in a population of approximately 700,000. 
Both Philadelphia and New York now have typhoid rates under 1 
per hundred thousand. Camden, which still has relatively a techni- 
cally high rate, reports that all the deaths were in nonresidents, so that 
there is evidently some missionary work to be done in the environs of 
that city. Scranton, which brings up the foot of the list, seems to 
_ have had more typhoid than for some years. 

The cities in the South Atlantic states have not done quite so well 
_ asa group, Wilmington, Miami, Washington and Norfolk all showing 


7 
| 


- showing, reporting the lowest rate ever recorded in that city. Atlanta 


wos | | soon | | | | | 
Minneapolis. . ...| 0.2 | 0.8 | 0.6 | 0.8 | 1.9 5.0 | 10.6 
Omaha. . ee ...| 0.6 | 1.4 | 1.8 | 1.3 | 3.3 5.7 | 14.9 
Kansas City, Kan.. 0.8 10:0 | 1.6 | 1.2 6.0 9.4 | 31.1 
10,10 | 1.7 | 4.4] 19.8 
1.4; 0.7 | 1.1 1.4 | 3.4 3.1] 9.2 
Des Moines........... 2.0 | 00 |} 0.0 | 2.4 | 2.2 | 6.4] 15.9 
St. Louis. . 2.0 1 2:34 6.5 | 12.1 
Kansas City, Mo.. ...| 2.4 | 1.4 |] 1.5 | 2.8 | 5.7 | 10.6] 16.2 


> 
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increases as compared with 1932 (table 3). Miami and Norfolk, 
however, report that one third or more of typhoid deaths were in 
nonresidents. Baltimore in this group makes a particularly fine 


also shows remarkable improvement, although it has still far to go 
TABLE 5 


Death rates of six cities in East South Central States from typhoid per hundred 
thousand of population 


| 1932 | 2931 | | ‘ous | | | 
2.9] 2.6 | 3.7] 49] 9.7] 19.7] 52.7. 
3.2 | 8.0| 1.6 | 8.0| 18.6 | 27.2] 35.8* 
40] 25] 3.0] 80/108] 31.5| 41.3 | 41.7 
71 | 8.0| 7.3 | 10.7| 20.8 | 25.3" .... y 
Memphis................ 7.6 | 11.4| 7.3 | 9.3| 18.9 | 27.7 | 42.5 | 35.3. 
7.6 | 7.6| 3.2 | 18.2| 17.8| 20.7| 40.2| 61.2 


* Incomplete data. 


Death rates aii nine cities in West North Central States from typhoid per hundred 
thousand of population 


before it can rival Baltimore. Many of the cities in this group wep hav > 

as is well known, a large Negro population and it used to be supposed ‘ ‘ithe 
that the high typhoid rates of these and other Southern citiesweredue 
in large part to the excessive mortality from typyoid among the | 
Negro populations. Analyses of the typhoid death rates in several _ 
Southern states, however, have shown that in many localities the _ 
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_ white typhoid mortality is as high as the typhoid mortality among 
Negroes, and in some localities even higher. Racial distribution of 
the population, therefore, can no longer serve as an explanation for the 
relatively high typhoid mortality in the cities in the South Atlantic 


TABLE 7 


a Death rates of eight cities in West South Central States from typhoid per hundred 
thousand of population 


ee ae 2.8 | 5.6 4.8} 9.1 | 10.8} 30.7 | 42.8 
4.0 | 3.7 3.2] 4.8 7.6 | 14.2 | 38.1 | 49.5* 
San Antonio............ 4.9 | 3.6 4.2) 4.6 9.3 | 23.3 | 29.5 | 35.9 
Fort Worth............ 13 1, 2339 5.4] 5.9 6.1 | 16.3*| 11.9 | 27.8 
New Orleans...........| 9.1 | 8.6 | 13.9 | 9.9 | 11.6 | 17.5 | 20.9 | 35.6 
TABLE 8 


Death rates of eleven cities in Mountain and Pacific States from typhoid per 
hundred thousand of population 


1.0 2.3 3.5 4.5 | 10.8 | 2.2 
Salt Lake City.........| 0.0 | 0.7 | 1.4 | 1.9 | 6.0 | 9.3 | 13.2] 41.1 
San Francisco..........| 0.1 1.5 | 1.4 | 2.0 | 2.8 | 4.6 | 13.6 | 26.3 
Long Beach............| 0.6 0.0 0.0 
Los Angeles............| 0.6 0.6 | 0.7 1.5 3.0 3.6 | 10.7 | 19.0 
Seattle | 0.8 ee 0.5 2.2 2.6 2.9 §.7 | 26.2 
0.9 0.8 23 4.4 4.9 | 17.1 | 50.3 
Tacoma | 0.9 1.8 | 0.9 1.8 3.7 2.9 | 10.4] 19.0 
2:7 | 0.7 | 3.4 |. 2:6 |, 5.1.) .5.8.) 
San Diego............. 4.3 | 0.6 | 0.6 | 1.0 | 1.6 | 7.9 | 17.0| 10.8 


* Incomplete data. 
and East South Central states. The remarkable improvement in 
- Baltimore in the past two decades should serve a’ a stimulus to the 
other cities in this group. Is there any reason why Washington 
should not be able to do as well as Baltimore? For three years it has 
lagged a little. 
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fla beal (tal TABLE 9 
ss Death rates from typhoid in 1933 to agai 


Honor Roll: No typhoid death — cities) 


Canton Grand Rapids bea Salt Lake City 

Elizabeth Lynn Tulsa 

Fall River Waterbury 

Flint Reading Yonkers Vino ai a 

First Rank: from 0.1 ye 1. 1.9 deaths per hundred thousand (fifty-two cities) 7 
Pittsburgh......... 0.1. Long Beach........ 0.6 South Bend.. 10 

San Francisco...... 0.1 Los Angeles........ C0) 
Boston............. 0.2¢ Philadelphia....... 0.6 New Haven....... 1.2* 
Minneapolis........ 0.2 Springfield......... 0.6 Providence....... 
0.3¢ Bridgeport.........0.7 Toledo::.......... 1.3 

0.3¢t Oakland........... 0.7  Jacksonville...... 1.4 

Milwaukee......... 0.3¢ Kansas City, Kan..0.8 Richmond........ 
Rochester.......... 0.8% Seattle............. 0.8 Columbus......... 1.77 
Baltimore.......... 0.4¢ Cincinnati......... 0.9t Wichita........... 1.7 
Cleveland.......... 0.3 New Fork.....'... 0.9 New Bedford..... 1.8 
Indianapolis. ...... 0.5 Spokane........... 1.87 

Worcester.......... 0.5° Duluth............ 1.0* Somerville........ 1.9 

Hartford........... 0.6 

Second Rank: from 2.0 to 4.9 (eighteen cities) 

Youngstown....... 2.3 Chattanooga....... 3.2 Birmingham...... 40t | 
Kansas City, Mo... 2.4f Camden............ 3.3* Houston.......... 4.0 
Trenton............ 2.4¢ Oklahoma isi ... 8.4 San Diego........ 

2.7  Seranton.. 3-47 San Antonio...... 4.9 

Third Rank: from 5.0 to 9.9 sae cities) 

5.3 Fort Worth........ 7.6 Nashville......... 7.6 

Memphis........... 7.6t New Orleans...... 9.1+ 
Knoxville.......... 7.1 


~~ 


* All the typhoid deaths reported were stated to be in nonresidents. 4 
+ One-third or more of the reported typhoid deaths were stated to be in 
nonresidents. 
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The cities of the East North Central group (table 4) again lead all 
other sections of the country in having the lowest typhoid average of 
any geographic division and increase their 1932 lead over the New 
_ England cities. Five cities in this group (Canton, Evansville, Flint, 
_ Fort Wayne and Grand Rapids) have perfect scores, and Cheiago, 
_ Milwaukee and Cleveland are not far behind. All but five of the 
eighteen cities in this division have rates less than 1.0, and the highest 
is only 2.3. 
= The six cities of the East South Central states (table 5), with a 
population about one-eighth as great as the eighteen cities of the 


East North Central division, have registered a larger basing of 
uw Number of cities with various typhoid death rates 


NOMBER | 10.048? | 5.0109.9 | 207049 | 1.07019 | 0.17009 | 0.0 
1916-1910} 77 75 2 0 0 0 0 
1911-1915} 79 58 19 2 0 0 
1916-1920} 84 22 32 30 0 0 o 
1921-1925} 89 12 17 48 12 0 6,4 
1926-1930} 92 3 10 30 37 12 o- 
1926 91 9 13 28 20 15 6 
1927 92 6 10 28 27 13 Boat 
1928 92 5 9 29 22 17 10 
1929 92 2 9 21 27 25 $u 
: 1930 93 2 6 30 23 22 10 
1931 93 2 6 23 28 22 12.11 
1932 93 1 7 13 29 29 14 
1933 93 0 7 18 19 33 16 


typhoid deaths in 1933 (77 East South Central, 68 East North Cen- 
tral) and a typhoid rate nearly ten times as high; viz., 4.91 in con- 
ry: trast to 0.55 (table 12). Some improvement over 1932 is, however, 
 * manifested particularly by Chattanooga and Memphis. The Nash- 
ville rate remains surprisingly high for the second year in succession. 
The racial analysis of Nashville typhoid for 1932, already referred to, 
shows that the typhoid mortality in the white population in that 
city v was nearly double that the one other 


its typhoid rate. Nashville, nev is im- 
provement over the period 1916-1930, when hardly any typhoid 
— occurred (table 5). 


a 
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The cities in the West North Central states (table 6) did not fare 
quite as well in 1933 as in 1932, five of the nine showing a typhoid 
increase and two a stationary rate. 


giant yoibsor 


Kansas City, Mo., indeed 


i Total t typhoid rate for seventy-eight citie cities, 1910-1938* Ce 


POPULATION TYPHOID DEATHS 

1910 22,573,435 4,637 20.54 i 
23 , 211,341 3,950 

23,835,399 2,192. 1) in 

1913 24,457,989 3,285 13.43 
1915 25,713,346 2,434 
26 , 257 ,550 2,191 
26,865,408 2,016 7.80 

27 ,086 , 1,824 

1919 27,735, 083+ 1,151t 

1920 28, 244,878 1,088 3.85 

1921 28, 859 ,062 

1922 29.473, 246 963 

1923 30 ,087, 430 950 

1924 30,701,614 943 3.07 

1925 31,315,598 1,079 

1926 31,929,782 907 

1927 32,543,966 648 19 

1928 33, 158, 150 

1929 33,772,334 Sank 159 

1930 34,386,717 54 

1931 35,137,915 563 1.60 

1932 35,691,815 

1933 35,691,815 423 1.18t 


* The following fifteen cities are omitted from this table because data for 
the full period are not available: Canton, Chattanooga, Dallas, Fort Wayne, 
Jacksonville, Knoxville, Long Beach, Miami, Oklahoma City, South Bend, 
Tampa, Tulsa, Utica, Wichita, Wilmington. 

t Data for Fort Worth lacking. ; 

t The rate for the ninety-three cities in 1933 is 1.24 (total population 
37,753,512, typhoid deaths 470), whereas in 1930 the corresponding rate was 
1,64, in 1931 it was 1.68 and in 1932 it was 1.34. 


recorded a typhoid mortality nearly as great as the average for 1926- 
1930. Since a large proportion of deaths among nonresidents is 
reported by this city, conditions just outside the political boundaries 


| 


948 


TYPHOID FEVER IN UNITED STATES IN 1933 [J. A. Wow. 4 


evident need looking into. Minneapolis and Omaha in this group 
have remarkably fine records. 

The eight cities in the West South Central states (table 7) show on 
the average a slight increase over the preceding year, although Tulsa 
maintains its perfect record and El Paso shows a substantial decrease. 
Fort Worth and San Antonio, however, have not done so well, the 
former recording the highest rate it has had for a number of years, 
It is not a good advertisment for a section of the country interested 
in attracting visitors in search of health to have the large cities in the 


TABLE 12 


T otal typhoid death rate per hundred thousand of population for ninety-three cities 
according to geographic divisions 


1 POPULATION 

New England.......... 2,631,505 | 18) 19) 0.68] 0.72) 1.07] 1.31 | 2.48 
Middle Atlantic........| 13,038,300 | 102) 126) 0.78) 0.97) 1.06) 1.40 | 2.97 
South Atlantic.........| 2,375,507 | 55] 58) 2.31] 2.23) 4.29) 4.50 | 7.01* 
East North Central....| 9,759,600 | 68) 0.55) 0.70} 1.00) 1.29t] 2.32f 
East South Central....| 1,242,500 | 61) 77| 4.91) 6.20) 4.09) 8.31 | 13.00 
West North Central....| 2,720,700 | 41) 28] 1.51) 1.03} 1.34) 1.83 | 3.48 
West South Central....| 1,961,700 | 106) 102) 5.40) 5.20) 6.97) 7.32 | 13.08) 
Mountain and Pacific..| 4,023,700 | 33) 35) 0.82] 0.87) 1.07) 1.80 | 2.33 

* Lacks data for Jacksonville and Miami. kt 2a 

+ Data for South Bend for 1925-1929 are not available. 

t Lacks data for Oklahoma City in 1926. 


Southwest afflicted with the highest average typhoid rate in the 
country, as was the case in 1933 (table 12). 

The cities in the Mountain and Pacific states (table 8) average 
slightly less than in the preceding year, but the rates range more 
widely. Portland and Salt Lake City report no typhoid deaths and 
San Francisco a rate of only 0.1. San Francisco is rivaled only by 
Pittsburgh in its remarkably low typhoid rate among cities of more 
than 500,000 population. San Diego reports its highest rate (4.3) 
for a decade or more. While such a figure does not perhaps indicate 
an epidemic, there is evidently something that needs looking into 
in that vicinity. Denver also reports a relatively high rate, with 
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notable fluctuations in the past three years. Nearly all the other 
cities in this geographic division show a more or less substantial de- 
cline, and the rate for the group as a whole shows a slight but gratify- 
ing decrease. 

In 1933, for the first year since our summaries were undertaken, no 
city in the United States registered a typhoid mortality rate greater 
than 10 per hundred thousand (table 10). Sixteen of the ninety-three 
cities had no typhoid deaths at all in 1933, the largest number of 
cities yet reported with a perfect score. The American people can 
congratulate themselves that the improvement in typhoid mortality 
is still going on. This is substantiated by the figures in table 11, in 
which it is shown that the typhoid rate for 1933 reached the lowest 
point ever registered. It should be noted also that the improvement 
probably is actually sometwhat greater than the figures indicate, 
since the 1932 population estimate is used without making any allow- 
ance for possible increase. From the figures given in this table, a 
notable saving of life has resulted from the campaign against typhoid 
in the past twenty-three years. It is a little surprising, however, to 
find what a marked improvement is still taking place; the typhoid 
mortality rate in American cities of more than 100,000 population is 
now less than half what it was only seven years ago. 
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George GW. Fullee 
Died June 15, 1934 

George Warren Fuller, eminent sanitary engineer and internation- 
ally known expert on water supply and sewerage, died at 11 p.m., 
June 15, 1934, after a brief illness at his residence, 30 Fifth Avenue, 
New York City. He was 65 years old. 

Mr. Fuller for many years was the senior member of Fuller & Me- 
Clintock, consulting engineers, 11 Park Place, New York City. 

He was born at Franklin, Mass., the son of George Newell Fuller 
and Harriet Craig Fuller. Paternally he was of ancient English 
ancestry, the founder of the American branch of the family having 
settled in this country in 1642. His original American homestead 
was at Dedham, Mass. and in that locality the Fullers are connected 
with the Metcalf and other notable families of the Old Colony State. 
The Craigs, who are of Scotch descent, had their American foundation 
at Worcester, and are related to the Warren, Green and other promi- 
nent Massachusetts families. 

He was educated at the Massachusetts Institute of Technology, 
graduating in 1890, and later studied for about a year at the Univer- 
sity of Berlin and in the private office of Piefke, engineer of the Berlin 
water works. 

About nine years were then devoted to research work on methods of 
purifying water and sewage from the biological, chemical and engineer- 

- ing viewpoints. He was with the Massachusetts State Board of. 

Health for nearly five years, the latter part of which he was in charge 

of the Lawrence Experiment Station. In 1895 he went to Louisville 

and for two years conducted experiments on the suitability of various 

processes of water filtration available at that time for purification of a 

turbid water having wide variations in composition such as the Ohio 

River at Louisville and a demonstration of the ability of coagulation 

and rapid sand filtration (or mechanical filtration as known at that 

time) to handle water of such a character. Following the Louisville 
studies he had charge of similar researches at Cincinnati for a further 
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period of 14 months. This work demonstrated that coagulation of 
the water prior to filtration was imperative to satisfactorily purify 
the water. It also showed the economy of the American system as 
opposed to the English system which depended largely upon plain 
sedimentation for preparation of the raw water. 

In 1917 and 1918 during the World War he was a member of a 
Central Committee at Washington having to do with the engineer- 
ing, planning and sanitation of the various army camps. He was 
consulting engineer to the United States Public Health Service to 
whom he reported on various proposed municipal bond issues with 
a view to aiding the Capital Issues Committee in limiting municipal 
improvements to those which were really necessary in the interests 
of the public health. He was also consulting engineer to the Con- 
struction Division of the Army. He was a member of the Franco- 
American Engineering Congress convened at Paris directly after the 
Armistice to consider various reconstruction and economic problems 
in France. 

One of the many important works performed by Mr. Fuller in his 
special field of engineering was accomplished in 1924 and 1925 for the 
Sanitary District of Chicago, when as chairman of a board of twenty- 
eight experts he labored on the problem of the advisability of installing 
a new system of disposing of the sewage of the lake metropolis. He was 
recalled this year by the government to advise a special Board of 
Review on the progress made in this great improvement for the 
midwest metropolis. 

Mr. Fuller for many years was intimately connected with improve- 
ment of sanitary conditions in New York City. He served as a con- 
sultant on sewerage and sewage disposal for the Metropolitan Sewer- 
age Commission of New York and in 1928 and 1929 he reported to the 
City upon the Wards Island sewage treatment works and had charge 
of the preparation of plans for this $16,000,000 project which is now 
partially constructed. From 1906 to date he has been consultant 
to the New York Board of Water Supply on various problems con- 
nected with the development of the Catskill reservoirs and supply 
system. 

During his professional career Mr. Fuller served as consulting engi- 
neer for major water works and sewerage improvements in more than 
150 large cities in this country and abroad. 

Among his recent engagements were consultation on the Shanghai, 
China, Water Works, the New Jersey Water Policy Commission and 
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the North Jersey District Water Supply Commission in conneetion 
with the Wanaque Aqueduct Supply, the development of a new water 
supply and purification system for Kansas City, Mo., Memphis, 
Tenn., Wilmington, Dela., the installation of sewage treatment works 
at New Haven, Conn., Lexington, Ky. and studies for comprehensive 
systems of intercepting sewers and sewage treatment for the Hacken- 
sack Valley Sewerage Commission of New Jersey involving some 55 
communities bordering on the Hackensack River and its tributaries, 
the Metropolitan Sewerage Commission of Rhode Island involving 
the collection and treatment of sewage and industrial wastes now 
reaching Narragansett Bay from the City of Providence and some 
17 neighboring municipalities. Just prior to his death he completed a 
report on a future water supply for the Minneapolis-St. Paul Water 
District. 

During his life he had always taken a keen interest in activities 
aimed towards the standardization of practices related to the public 
health field. He contributed largely to the development and wide- 
spread adoption of the Standard Methods of Analysis for Water and 
Sewage sponsored by the American Public Health Association and, 
more than any other individual, was responsible for the successful 
publication of the Manual of Water Works Practice by the American 
Water Works Association as chairman of their Council on Standardi- 
zation. 

He was a member and chairman of an Engineering Advisory Com- 
mittee of the Reconstruction Commission of the State of New York 
and adviser to the International Joint Commission on Boundary 
Waters between the United States and Canada. 

He was chairman of the Committee on Promotion and Attendance 
for the World Engineering Congress at Tokyo, Japan in 1929; a Past 
President of the American Water Works Association, the American 
Public Health Association and Past Vice-President and Director 
of the American Society of Civil Engineers. Among other professional 
and scientific societies of which he was a member were the American 
Institute of Consulting Engineers, American Society of Mechanical 
Engineers, American Chemical Society, American Society of Bacteri- 
ologists, the Institution of Civil Engineers of Great Britain, the Engi- 
neering Institute of Canada, the Vereins Deutscher Ingenieure, 
L’Association Generale des Hygienistes et Techniciens Municipaux of 
France and The Franklin Institute. 

He was elected chairman of The Engineering Foundation, the 
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research organization of the national engineering societies, in 1933 
and held the office at the time of his death. He was elected to the 
Foundation in 1931 and then served as Vice-Chairman in 1932. 

During his career he was author of many professional papers and 
three books, ‘‘Water Purification at Louisville,” 1898; “Sewage Dis- 
posal,” 1912; and “Solving Sewage Problems,” 1926. 

His activities were not in the sanitary field alone but in the valua- 
tion of public utilities, having been connected with appraisal of many 
water works properties, the Pittsburgh Railways, the Philadelphia 
Rapid Transit and the International Railways Co. of Buffalo. 

Among his clubs were the Engineers Club, New York ;the Machinery 
Club; the University Club, Chicago; Cosmos Club, Washington; 
Seaview Golf Club, Absecon, N. J.; Everglades Club, Palm Beach; 
Canoe Brook Country Club, Summit, N. J.; and the Pleiades Club, 
New York City of which he had served as President and was reelected 
as such just before his death. 

He is survived by his wife, Eleanor Todd Fuller; three sons by a 
previous marriage, Myron E., Kemp G., and Asa W. Fuller; and 
three stepsons, Kenneth B., Gordon B, and George B. Fuller; and 
a sister, Mrs. Carl W. DeVoe, of Jerome, Idaho. 

The funeral services were held at the Little Church Around the 
Corner at 4 p.m., Monday, June 18, and interment was at West 
Medway, Mass. on Tuesday morning. 

The honorary pallbearers were: _ 
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James K. Atkinson A‘ifred D. Flinn 
Wm. L. Batt Puree Burt B. Hodgman 
bod Boyd A. Bennett John Hogan 
Carl Blossfeld Leslie G. Holleran 
Van Tuyl Boughton = George L. Knight 
W. Brush 


George L. Lucas 
ElmerG. Manahan 
Karl M. Mann 


H.P. Charlesworth 
John N. Chester 


Willard T. Chevalier 
Harold V. Coes ys 
Allan W. Cuddeback 
F. G. Cunningham ; 
Harrison P. Eddy 


James H. McGraw 
Charles A. Mead 
Howard S. Neiman 
Frederick C. Noble 
George H. Pegram 
John P. H. Perry 
Malcolm Pirnie 
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William F. Reeves » orl 


Robert Ridgway Walter E. Spear 
James F. Sanborn Francis Lee Stuart 


Donald H. Sawyer Charles E. Trout 


Wm. J. Shea Henry M. Waite 
Olle Singstad E. W. Whitlock 


The pallbearers included officers and members of the American 
Society of Civil Engineres, the American Water Works Association, 
the American Public Health Association, American Institute of Con- 
sulting Engineers, the Engineering Foundation, members of the 
editorial staffs of the engineering press, representatives of the Federal 
Emergency Administration of Public Works and members of his 
engineering organization. 
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ABSTRACTS OF WATER WORKS LITERATURE 


FRANK HANNAN 


Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


Wrapping a Cement Coating on 66-Inch Steel Pipe. Eng. News-Rec., 107 
811-4, November 19, 1931. Detailed description of process employed in wrap- 
ping 56-to 66-inch steel pipe for 26-mile section of pipe line across San Joaquin 
Valley, which is one of final steps in San Francisco’s Hetch Hetchy project. 
Covering consists of layer of cement mortar, one-half inch thick, within which 
is enclosed wire mesh fabric, and wrapping of cotton cloth. Covering is ap- 
plied over tar coating, and asphalt oil coating is applied immediately after 
wrapping, to aid in effective curing, in lieu of keeping pipe wet during curing 
period. The 30-foot sections are jointed in trench by riveting, the 1-foot 
length of exposed metal at each joint being covered with one-half inch of ce- 
ment mortar.—R. E. Thompson. 


Heavy Plate Construction. W. D. Wautcor. Cont. Rec. and Eng. Rev., 
45: 587-9, May 20, 1931. Brief, illustrated discussion of developments in 
methods of fabricating structures (penstocks, etc.) of heavy steel plate.— 
R. E, Thompson. 


Laying Three 1000-Foot Pipe Lines Across a 45-Foot Ship Channel. Eng. 
News-Rec., 107: 937, December 10, 1931. Brief description of laying of three 
1000-foot welded pipe lines (two 8-inch and one 4-inch) across Houston, Tex., 
ship channel in trench 45 feet below mean tide level. A 24-inch collar was 
welded over each joint to prevent leakage. Welding was completed on bank 
and lines were pulled acress channel with aid of tractors.—R. BE. Thompson. 


Large Main in Burnaby and New Westminster. F. H. Futterton. Cont, 
Rec. and Eng. Rev., 45: 855, 858, July 22, 1931. Brief description of 20- to 36- 
inch steel main being constructed by Greater Vancouver Water District. 
—R. E. Thompson. 


Madden Dam in the Panama Canal Zone. Eng. News-Rec., 107: 548-9, 
October 1, 1931. Detailed unit prices given from bids on construction of Mad- 
den dam, contract for which was awarded for $4,048,657.—R. E. Thompson. | 


Tests Reveal Low Infiltration Rate on New Jersey Outfall Sewer. Euson T. 
Kittam. Eng. News-Rec., 107: 934-5, December 10, 1931. Infiltration tests on 
20,530-foot length of reinforced-concrete pipe sewer, 24 to 60 inches in diameter 
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(average 46 inches), built in 1929 by Second River Joint Meeting of Essex 
County, N.J., showed ground water leakage to be only 1610 gallons per mile per 
day, 13 percent of that allowed in specifications. Line includes 3 stream crogg- 
ings made up of rectangular flattened sections of reinforced concrete and 4,488 
feet of pressure pipe. Cost of construction (exclusive of overhead, rights-of- 
way, and engineering) was $25.80 per foot. With exception of 330 feet of 48- 
inch tunnel, entire line was constructed in open cut. Joints in one part of 
pressure section were made with lead fibre-center gaskets pointed with cement 
inside and outside, and remainder with tongue-and-groove pressure joints 
pointed on outside with mortar. In remainder of line joints were made with 
either cement mortar or with a patented joint compound.—R. E. Thompson. 


_ Tests of Large Concrete Pipe Sewer Show Kutter’s n to be 0.014. Etson T. 
- Kituam. Eng. News-Rec., 107: 935-6, December 10, 1931. Flow tests on 
2,209-foot, 60-inch section of reinforced concrete sewer described in previous 
abstract showed average value of coefficient of roughness, n, in Kutter’s 
formula, of 0.014 when depth of flow was about one-third the diameter. Ve- 
locities were measured directly by partly submerged surface floats and by 
_ use of eosine and potassium permanganate, and were in vicinity of 4 feet per 
second. Surface slopes had average value of 0.00172, slightly less than slope 
of invert. Section chosen, made up of 4-foot lengths with cement mortar 
joints, was particularly favorable for test, as there were no increments of flow 
: ; and only 3 deflection angles, of about 10° each. Eosine was found to be more 

satisfactory than permanganate. It was observed that color appears first in 
center of section, reaches maximum intensity at about the mean time of ap- 
pearance, and disappears from center of stream while still perceptible in area 
of low velocity along sides. Mean color velocity was 89.2 percent of surface 
velocity indicated by floats. Results of tests are tabulated.—R. E. Thompson. 


Building 730 Miles of Pipe Line for Gasoline. Eng. News-Rec., 107: 991-2, 
December 24, 1931. Brief description of Sun Oil Company pipe line from Mar- 
cus Hook plant to Cleveland and Syracuse. System consists of 733 miles of 
pipe, 664 miles of 8- and 6-inch main line and 69 miles of 2- and 3-inch branch 
line. Gas-welded joints, 92,000 in all, were employed throughout. River 
. crossings created special problems. At one point, where pipe was laid for 

distance of 2 miles in river bed, extra heavy 6-inch pipe was employed, line, 
after welding and testing, being incased in 12-inch square box of redwood lum- 
_ ber impregnated with zine meta-arsenite and box filled with hot asphalt. 
_ Monel metal nails were used for securing cover on box, which was then lowered 
- into trench in river bottom and covered over. Similar method of protection 
was employed at all streams carrying acid water. At rail and highway cross- 
ings, line was protected by enclosure in 10-inch, 32-pound steel pipe. Most of 
- line was laid without protective coating, it being considered less expensive 
- tomake tests after some years, determine where coatings are needed, and apply 
- protection to those sections only. Where protection was known to be neces- 
_ sary, 3 bituminous coatings were applied, pipe then being covered with pre- 
- saturated asbestos felt and final spiral wrapping of kraft paper. In co-opera- 
tion with other interested agencies, certain sections were given various 
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experimental treatments. Pumping pressure at one point is 900 pounds. 
—R. E. Thompson. 


Weather Bureau Report Reviews Drought. (From Annual Report of United 
States Weather Bureau.) C.F. Marvin. Eng. News-Rec., 107: 995, Decem- 
ber 24, 1931. Bureau has adopted definition of drought which reads: ‘“‘A 
lack of rainfall so great and long continued as to affect injuriously the plant 
and animal kingdoms and to deplete water supplies both for domestic purposes 
and for the operation of power plants, especially in those regions where rain- 
fall is normally sufficient for such purposes.’’ Last winter was abnormally 
warm and dry in greater part of United States. Only 5 states had as much as 
normal rainfall. Spring precipitation was about normal, though all states 
between Rocky and Appalachian mountains had deficiencies.—R. E£. 
Thompson. 


Construction Methods on the Alexander Development. T.H.Hoaa. Cont. 
Rec., 45: 577-82, May 20, 1931, 675-8, June 3, 1931. Detailed description of 
construction methods employed on Alexander development of Hydro-Electric 
Power Commission of Ontario on Nipigon River, which includes semi-hy- 
draulic fill earth dam with maximum height of 90 feet.—R. EZ. Thompson, x 


Flood Control on Alluvial Rivers. Frep H. Tispets. Eng. News-Rec., 
107: 520-4, October 1, 606-9, October 15, 1931. Detailed discussion of flood 
control methods and planning, with particular reference to Sacramento River. 
—R. E. Thompson. 


Upper Alameda Creek Dam for San Francisco Water. Eng. News-Rec., 107: 
595, October 8, 1931. Contract unit prices for reinforced-concrete buttressed 
slab dam with short gravity wall, 160 feet long. Spillway crest is 30 feet high 
above low point of stream-bed. Dam will divert flow through tunnel into 
Calaveras reservoir.—R. EF. Thompson. 


Lightness and Low Cost Obtained by New Penstock Gate Design. ApoLpn 
J. ACKERMAN. Eng. News-Rec., 107: 600-4, October 15, 1931. Detailed de- 
scription of design and construction of gates provided for emergency closure 
of three 16-foot penstocks of Calderwood hydro-electric plant. Design com- 
bines lightness with extreme simplicity and low cost.—R. E. Thompson. 


Hemispherical Gate in Kentucky. C. H. Sonntag. Eng. News-Rec., 107: 
898, December 3, 1931. Hemispherical gate, 28 feet in diameter, designed for 
head of 225 feet, was employed in 1923 for closing portal of diversion tunnel of 
Dix River dam. Provision was made for introducing nitro-glycerine for 
blowing out center portion of gate in event of flood. On completion of dam, 
30-foot section of tunnel was filled with concrete.—R. E. Thompson. re 

Factors Governing Arrangement of Modern Pumping Stations. CxHArLEs B. 
Burpicx. Eng. News-Rec., 107: 483-6, September 24, 1931. Discussion of 
general principles involved in arrangement, or lay-out, of water works plants, 
with particular reference to pumping stations. About two-thirds of cost of 
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water is represented by fixed charges upon necessary investment to furnish it. 
If water is to be furnished at least cost possible, it follows that capital expendi- 
tures should not be out of proportion to service rendered. When a correct 
program has been laid down it is possible to build for the indefinite future with 
reasonable assurance that each dollar invested will be permanent link ip 
program of improvement. To build for permanence, following requirements 
are necessary for success: reasonable knowledge of future requirements; 
correct selection of sources and site; building program as definite as possible; 
lay-out adapted to needs and local circumstances; correct selection of equip- 
ment; proper selection of building materials; and due regard for appearance, 
Although often neglected, good architecture is reasonable requirement for per- 
manency. Average investment in public water supplies is approximately $50 
to $60 per capita. About 80 to 90 percent of this investment is buried in ground 
where no one can see it. Public regard for the system is largely fostered by 
excellence and good appearance of that part of plant meeting publiceye. All 
sections should be readily accessible from central structure and each special 
facility should be so arranged that orderly future expansion is possible. 
Separate buildings should be avoided where possible. Several examples are 
given to illustrate manner in which local circumstances affect plant lay-out. 
R. E. Thompson. 


First Stage of Calgary’s New Waterworks. J. G. Bennett. Cont. Ree. 
and Eng. Rev., 45: 1449-52, 1467, December 9, 1931. Glenmore reservoir, 
first and largest unit of new project, for which expenditure of $4,000,000 was 
authorized by electors, was completed in October. Dam, which will impound 
3,750,000,000 gallons of water on Elbow River, was constructed at cost of ap- 
proximately $1,000,000. Structure is 1050 feet in length from approach to 
approach, and 60 feet high from streambed to crest. Substructure of purifica- 
tion plant, involving estimated expenditure of $300,000, has also been com- 
pleted. Purification plant has designed capacity of 27 million gallons per day 
Site is of sufficient size to allow of trebling that capacity. Concrete place- 
ment methods are outlined. Main pumps will be driven by water turbines. 
Auxiliary electric motor- or diesel-engine-driven units will be provided.— 
R. E. Thompson. 


Earthquake-Proof Dam in Chile. Eng. News-Rec., 107: 725, November 5, 
1931. Brief description of Cogoti dam, one of 18 under construction under 
national reclamation act of Chile. Seventeen dams are of same general earth- 
quake-resisting design, which is based upon two principles: (1) building 
rock-fill that will not flatten further under shock; and (2) making it watertight 
by slope pavement that will flex without rupture. Dam consists of main fill 
of side-dumped rock, auxiliary fill of rock end-dumped against main fill, thick 
surface fill of gravel, and laminated concrete pavement. Structure, designed 
by James B. Grranp, contains 760,000 cubic yards of rock and cost was about 
$1,000,000.—R. E. Thompson. 


Earthquake-Proof Dam. Frep A. Norrzii. Eng. News-Rec., 107: 1013, 
December 24, 1931. Brief discussion of design of earthquake-proof dams, with 
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particular reference to Cogoti dam (cf. previous abstract). Chief requirement 
for earth and rock-fill dams is diaphragm that is not only watertight under 
ordinary conditions, but that will remain watertight in case of disturbances 
resulting from natural settlement of fill, or from earthquake shocks.—R. E, 

Nanaimo, B. C., has New Variable Arch Dam. Cont. Rec. and Eng. Rew’ 
45: 1265, October 21, 1931. Brief description of new dam under construction 
to add to pressure under which water supply is delivered to city. Dam, 
which is located on South Fork of Nanaimo River at point 16 miles from city, 
is of variable arch type, 100 feet high from foundation to crest. It was pres- 
sure-grouted by VoeT system to correct secondary stresses and to avoid can- 
tilever action. Structure will impound 1000 acre-feet of water —R. E. 


Thompson. 


Composition of Earth Dam. Part IV. Discussion. Eng. News-Rec. 107: 
917-22, December 10, 1931. Water Content is a Major Factor in Determining 
Permeability. E.McD.Moore. 917-20. Discussion of design and construc- 
tion of semi-hydraulic-fill dams, Author points out that it is possible and 
practicable to design dam, regardless of general characteristics of available 
materials, so that it will hold water safely and will be free from slides caused by 
internal liquid pressure, or by sloughing, which have been described as ‘‘con- 
struction accidents.’’ Writer does not consider that these troubles are acci- 
dents, but rather that they are the result of conditions that can be foreseen 
and prevented by designing dam to suit available material. Apparatus is 
described for making soil-permeability tests and results of tests made are 
outlined and discussed. It is pointed out that in making tests of borrowpit 
material, water content of samples tested must be held at point at which it 
will probably go into dam, otherwise tests are valueless. Stability During 
Construction Must Be Considered. Norman F. Wititams. 920-2. The 4 
types of slides possible in semi-hydraulic-fill dams, their causes, and their 
prevention are discussed. Ideal earth dam would be one whose upstream face 
is impervious and whose materials are graded from imperviousness at upstream 
face to high state of perviousness at downstream face. Such a dam would 
have watertightness, no uplift, and perfect drainage.—R. E. Thompson. 


Blocking of Panama Canal Caused by Three-Day Rain Storm. Eng. News- 
Rec., 107: 967, December 17, 1931. Brief details given regarding storm that 
produced unusual floods in Panama Canal Zone and caused slides into canal. 
Storm began on November 6 and continued approximately 3 days. Complete 
data have not yet been compiled.—R. E, Thompson. 


Hazards in Street Excavations. J. J. HeNpERSON. Cont. Rec. and Eng. 
Rev., 46: 13-15, January 6, 1932. Discussion of safety precautions which 
should be observed in regard to street excavations for water mains, etc. 
Safety education for workmen is of great importance and must be carefully 
planned. Close supervision must be maintained.—R. E. Thompson. yaa 
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Precise Concrete Control at Koon Dam. Eng. News-Rec., 107: 1024-7, De. 
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cember 31, 1931. Illustrated description of semi-automatic batching and 
mixing plant being employed in construction of Thomas W. Koon Dam for 
Cumberland, Maryland, water supply. Push-button control starts concrete 
ingredients flowing into weighing batcher and photo-electric cell cut-off stops 
them with unerring accuracy. Weight of each ingredient in every batch and 
time schedule of every operation in concrete plant is automatically recorded 
on chart. The extremely dry mix is being deposited from special straight- 
side dump buckets and is tamped into place by electric vibrators. Dam ig 
located in valley of Evitts Creek, 12 miles north of Cumberland, at headwaters 
of Lake Gordon, present source of supply, and will provide 2.5 billion gallong 
of storage at level 67 feet above Lake Gordon. Water will be discharged into 
Lake Gordon through two 24-inch balanced needle valves. Structure is of 
concrete gravity type, maximum height being about 92 feet and length 726 
feet. Earth cofferdams with cores of steel sheeting were built above and below 
dam. Streamflow is carried through upper cofferdam by wooden flume and 
through dam itself by 66-inch steel pipe. Latter will be filled with concrete 
and grouted on completion of project.—R. FE. Thompson. 


A New Type of Dam. A.C. Janni. Eng. News-Rec., 108: 71, January 14, 
1931. Brief, illustrated description of new type of dam for which author be- 
lieves more definite pre-calculation of performance to be possible than for 
existing types and which is also more economical (two-thirds, as compared 
with solid arch dam in certain specific cases). Frame of structure consists of 
pylons and arches, water face being formed by slabs. Pylons, or cantilevers, 
extend down to solid rock; arches are supported by the pylons and by inter- 
mediate posts, and abut against solid rock as in case of bridge arch. Two 
systems of beams, one horizontal, the other vertical, run in each panel formed 
by two consecutive rings and two consecutive pylons. Against these beams, 
slabs are set with calked joints, so that slabs are independent of one another: 
they are held in place by stirrups projecting from beams. Such design is 
believed to be solution of difficulties inherent in gravity and in present arch 
dam types.—R. E. Thompson. 


Hydrologic Knowledge and Long Droughts. Batpwin-WiseEMAN. Eng. 
News-Rec., 108: 107, January 21, 1932. Data obtained in historical part of 
study of drought and aridity in Australia are outlined. Few rainfall records 
extend over 150 years; about 50 (10 in United States) have been maintained for 
more than century, and several hundreds cover periods of from 50 to 100 years. 
Many of longer records will yield data on duration of periods of excess and of 
deficiency, besides affording indication as to length of period necessary, over 
which to obtain fairly approximate true mean. Latter is not 35 years, as is 
commonly assumed: some records will give true means with periods as short 
as 25 years, while others require periods of 49, 64, 65, and 151 years. In one 
long record, 35-year periods selected at random differed from true means by 
as much as 12 percent in defect and 11.8 percent in excess. That particular 
record required observation for period of 151 years to give true mean; but 
means for 187 and 202 years differed from each other by only 0.505 percent. 
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Droughts lasting from 10 to 13 years, although not common, have occurred 
over extensive areas at various times in different parts of world. Some of 
longer rainfall records reveal deficiencies that have lasted for 30 years, or 
more. In one case, period of deficiency lasted with very minor breaks for 31 
years, maximum deficiency of period being equivalent to 2.2 years’ average 
rainfall. There is considerable information in the 848 years’ continuous record 
of Nile floods on the Roda nilometer recorded by Arab historians, from which 
one deduces that there were single droughts lasting 13, 11, and 10 years, 2 
droughts each of 8 and 7 years’ duration, 5 droughts of 6 years’ duration, and 
9 droughts of 5 years’ duration; between 761 and 794 A. D. there were 4 severe 
droughts lasting for 8, 7, 5, and 4 years, aggregating 70.6 percent of whole 
period.—R. EZ. Thompson. 


Pneumatic Placing of Tunnel Lining Saves Grouting. James H. Firzcmr- 
ap. Eng. News-Rec., 108: 262, February 18, 1932. It is pointed out that 
tunnels properly lined by pneumatic method require far less grout than those 
lined by any other method, and that concrete is better in every respect.— 
R. E. Thompson. 


Formula for Economic Hydraulic Gradient for Conduits. Raymonp A. 
Hitt. Eng. News-Rec., 108: 85, January 21, 1932. For any type of conduit 
and any quantity of water, most economical hydraulic gradient depends on 3 
basic factors: (1) present worth of unit loss in head; (2) unit capital cost of con- 
duit of definite size; and (3) rate of change in capital cost relative to size. For 
any fixed size of conduit, capacity varies practically as square root of slope; 
conversely, for any fixed quantity, size varies as reciprocal of that function. 
Generally, capital costs of conduits of similar proportions vary as fractional 
power of size. Hence, within reasonable limits, quantity of water carried at 
any hydraulic gradient and unit capital cost of any conduit can be deter- 
mined from same factors for two similar conduits of arbitrary sizes. Formulas 
are given showing that capital cost of any conduit operating at most economi- 
cal hydraulic gradient is directly proportional to present worth of head lost 
in conduit and economic slope is determinable from rate of change of cost of 
conduits of arbitrary size. Correction in Eng. News-Rec., 108: 298. Febru- 
ary 25, 1932.—R. E. Thompson. 


Red Mountain Bar Siphon of Hetch Hetchy, California. Eng. News-Rec., 
108: 150, January 28, 1932. Unit prices given from contract for riveted steel 
siphon, 93 feet inside diameter and 1700 feet long, completing Hetch Hetchy 
aqueduct where it crosses Tuolumne River Canyon at Red Mountain Bar. 
Included in contract, which was let for $174,369, were reinforced-concrete sand 
trap, steel standpipe, timber trestle carrying railroad over pipe, and concrete 
wasteway and control structure.—R. EH. Thompson. 


Hetch Hetchy Employees Accept Bond Payment Plan. Eng. News-Rec., 
108: 334, March 3, 1932. Because of bond market conditions, Hetch Hetchy 
bonds remained unsold and funds were so badly depleted that discontinuance 
of Coast Range tunnel operations was imperative, unless some arrangement 


W. A, 
7, De- 
and 
for 
stops 
h and 
orded 
am ig 
raters | 
ullongs | 
into 
elow 
and 
crete 
— 
y 14, 7 
r be- 
1 for 
ared | 
ts of 
vers, | | 
\ter- 
Two 
med 
ms, 
her: 
n is 
ing. 
of 
rds 
for | 
ars, | 
of 
ver | 
3 is | 
ort 
yne 
lar 
nt. 
» 


962 ABSTRACTS OF WATER WORKS LITERATURE 


[J. A.W. Wea. 


could be made by which bonds could be used in payment of wages. As regult 
of proposal by city, agreement has been reached with 1300 men working on 
tunnels whereby they accept city bonds in payment of wages through organiza. 
tion of ‘‘Hetch Hetchy Bond Purchase Syndicate,’’ which consists of all en- 
gineers, office staff, and workmen on project. According to plan, bank buys 
bonds from city at par, thus giving city cash to pay wages, and sells them to 
Employees in turn contribute 10 percent 
of monthly salary to syndicate, which will provide fund to protect bank for 10 
percent discount allowed. Plan will be in operation from February 1 to 
July 1, 1932, at which time syndicate will dispose of bonds at market price. 
Any profit between 10 percent paid to bank and sale price will be divided pro 
rata among employees and any loss resulting from syndicate operations will 
be charged against fund provided by 10 percent contribution by employees, 
Firms which have been supplying material for project are also accepting bonds 


syndicate at 10 percent discount. 


in payment.—R. FE. Thompson. 


Sewer Construction on Temporary Trestle Through Marsh. Tuomas F. 
Bowe. Eng. News-Rec., 108: 246, February 18, 1932. Both pipe laying and 
excavation were carried out from temporary wooden trestle in constructing 
24-inch, lead-jointed, cast iron outfall sewer for Hudson, N. Y., through long 
stretch of tidal marsh land. One 244-foot section was assembled above water 
surface, tested with air pressure, and lowered into place as unit: along re- 
mainder of line it was possible to employ bulkheads and lay each length 
Trestle was subsequently removed by using light charges of ring 
dynamite to cut off piles. Contract, which included 447 feet of 24-inch flexible- 
joint pipe, 340 feet of 24-inch bell-and-spigot pipe, and 110 feet of twin 14-inch 


separately. 


cast iron pipes, was let for $21,700.—R. E. Thompson. 


Old Railroad Culvert Used for Water Pipe Crossing. A. E. Benner. Eng. 
News-Rec., 108: 223, February 11, 1932. New 12-inch cast iron pipe was 
economically laid under 320-foot railroad right-of-way in Aberdeen, 8. D., 
by jointing pipe length by length and pulling it through old 30-inch cast iron 


culvert with hand winch and steel cable. 


On completion, line was subjected 


to pressure of 55 pounds with loss of less than 2 pounds in 15 minutes.—R. E. 


Thompson. 


_ New Welding Process for Pipe Line Construction. Cont. Rec. and Eng. 
Rev., 46: 78-82, January 27, 1932. Description of Lindeweld method of oxy- 
acetylene welding. Higher strength welds are obtained by: (1) special flame 
adjustment, (2) special welding rod, and (3) new welding technique. By 
maintaining properly adjusted excess of acetylene in flame, weld metal be- 
comes fused with base metal through formation of low-melting, high-carbon, 
Technique recommended is that known as backhand welding, in 
which flame is pointed backwards against weld, and flame and rod manipulated 
more or less parallel to line of welding. Flame is alternately played upon 
base metal, to prepare it for fusion, and on rod, for accelerated deposition of 
Very little breakdown, or melting, of base metal is required and 
heated area being much smaller, decided economy is effected in amount of rod, 


iron alloy. 


weld metal. 


welding gases, and time required. By means of special t 


slowpipe, which is 


y 
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almost automatic in operation, it is possible to obtain welding speed equal to, 
or greater than, that obtained with any other process. Examples of results 
obtained are included. At present time, over 2,000 miles of Lindeweld pipe 
line (4 to 26 inches in diameter) are completed, or in process of construction. 
—R. E. Thompson. 


Vast Mileage of Pipe Lines Laid in 1931. Eng. News-Rec., 108: 325, March 
3, 1932. Brief data given from January issue of Pipe Line News. More than 
15,000 miles of trunk pipe lines for gas, oil, and gasoline were constructed dur- 
ing 1931, which, together with feeder lines, involved expenditure in excess of 
$400,000,000.—R. E. Thompson. 


Welding Large Field-Storage Tanks. Eng. News-Rec., 108: 224, February 
11, 1932. Number of oil-storage tanks, with capacities up to 80,000 barrels, 
have recently been completely arc-welded in field. No fitup bolts were used 
on shells, bottoms, or roofs. Procedure employed is briefly outlined.—R. Z. 


Thompson. 


The Radial-Cone-Bottom Tank for Elevated Water Shortage. Eng. News- 
Rec., 108: 279-80, February 25, 1932. Radical innovation in elevated-tank 
design, first suggested about 1929, involves use of comparatively flat-bottom 
tank made up of series of troughs radiating outward from riser pipe to tank 
shell. This feature has been incorporated in 5 tanks varying in capacity from 
1.25 to 2 million gallons each. Largest of these tanks, recently completed by 
City of Columbus, O., includes additional feature of domed roof carried by 
outside roof trusses and designed to permit water storage. Basic advantage 
of radial-cone-bottom is that it may be utilized to provide large elevated stor- 
age capacity in comparatively shallow tank. Suspended-bottom tank is most 
economical form for all ordinary sizes and for conditions where height of tank 
is not limited; but is not most economical for large capacities that must be 
confined within narrow vertical height: if this height is 25 feet, maximum prac- 
tical capacity for hemispherical-bottom tank is 175,000 gallons and for ellip- 
soidal-bottom tank 300,000 gallons. With height limited, as size of suspended- 
bottom tank increases, point is reached at which additional material required 
in bottom to resist increased stresses will more than offset cost of guides and 
columns necessary to support flat bottom. In previous tanks, upper capacity 
line is at top of cylindrical shell; but at Columbus, high-water line is 12 feet 
above top of shell. Actual shape of roof was decided largely on basis of ap- 
pearance, ellipsoidal form being used with total roof rise of 21.5 feet, or one- 
fourth of tank diameter. Tank bottom, considered to be 10 feet deep, has 
capacity of 330,000 gallons; cylindrical portion of shell, 28 feet high and 86 feet 
in diameter, contains 1,206,000 gallons; and 470,000 gallons may be stored in 
roof, making total capacity slightly in excess of nominal 2 million gallons. 
Riser pipe is 10 feet in diameter and bottom of tank is 75 feet above top of 
foundation piers.—R. E. Thompson. 


Electrical Devices Control Level in New 1.5-Million Gallon Tank. HomeEr 
Ruparp. Eng. News-Rec., 108: 281-2, February 25, 1932. Electrically ac- 
tuated devices control operation of recently constructed Irvington elevated 
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ayty 
Me storage tank of Indianapolis Water Company and provide at remote point 


,! continuous record of water level. Tank has capacity of 1.5 million gallons and 
i : is of radial-cone-bottom-type, 97.5 feet to top, with 25-foot depth of water 
— , storage. While, normally, tank will float on distribution system, time-clock 
: : and necessary equipment are provided on valve-control panel to enable tank 


to be shut off at will and held in reserve against peak periods. Hydraulic 
a altitude valve is of 4-way type, operated by solenoid. Signal to show opera- 
tions of altitude valve is superimposed on level transmitter and separate con- 
tact-making receiving instrument lights warning lamps at full and empty 
points. Level transmitter is of current balance type, radio tubes being em- 
ployed instead of reversible motor-driven rheostat. Reading is transmitted 
over 11 miles of telephone line to pumping station serving district.—R. BE, 
Thompson. 


Monumental Water Tower Designed Against Earthquakes. Arex Linpsay, 
Eng. News-Rec., 108: 282, February 25, 1932. Large water tower of monu- 
mental appearance, recently constructed in higher-class residential district 
of Spokane, Washington, consists of 1,250,000-gallon, flat-bottom, steel tank, 
78 feet in diameter and 35 feet high, incased in upper part of outer shell of con- 
crete, 122 feet 8 inches in height. Supporting structure is made up of series 
of rectangular cells 12 feet square, on top of which, 84.5 feet above ground, is 
16-inch reinforced-concrete slab that acts as foundation for steel tank. Cellu- 
lar construction is very rigid, insuring safety against seismic disturbances, 
Tank was coated on interior with hot enamel, and on exterior with graphite 
paint. Outside of bottom was heavily coated with plastic material before 
being lowered on to bed of coal tar and sand on supporting concrete floor, 
Enclosing structure contains 2525 cubic yards of concrete. Contract price 
was $81,283.—R. HE. Thompson. 


Maintainance of Water Meters. Reading and Billing. J. S. Srronmpyer., 
Water Works and Sewerage, 80: 7, 267-9, July 1933. Description of practice 
and personnel at Baltimore, Md., Water Plant.—C. C. Ruchhoft. 


Articulated Buttress Type Dams for Municipal Water Supply Projects. 
Drr« A. Depet. Public Works, 64: 7, 35-7, July 1933. Structural and eco- 
nomical features of this type of dam favor its adoption where safety and per- 
manency are paramount considerations.—C. C. Ruchhoft. 


Attrition Loss of Anthracite in Rapid Filters. Homer G. TuRNerR and 
Grorce H. Youna. Water Works and Sewerage, 80: 7, 246, July 1933. 
Laboratory experiments have furnished following data. Assuming five- 
minute washing periods and 24-hour filter runs, loss of filter material in eleven 
years would equal 2.4 percent. Based on 12-hour filter runs, this loss would 
amount to 0.4 percent per year.—C. C. Ruchhoft. 


Removing Manganese From Water. Anon. Public Works, 64: 6, 16-17, 
June 1933. Waters containing much manganese are best purified by iron- 
lime coagulation which provides the high pH necessary for precipitation and 
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oxidation of this element. Ferric salts are preferred as they require shorter 
mixing at a lower rate and contact period before addition of lime is unneces- 
sary. In one case manganese is removed without use of chemicals by water 
being forced upward through finely ground pyrolusite (70% manganese diox- 
ide), sprayed on a coke bed, which converts manganous hydroxide to man- 
ganic hydroxide and dioxide. Sand filter removes residual manganese and 
jron and furnishes effluent rarely exceeding pH of 7.3—C. C. Ruchhoft. 


Bacterial Changes in Chlorinated Filter Effuents. H. W. Srrererer. Pub- 
lic Works, 80: 7, 19-21, July 1933. Samples of unchlorinated effluent were 
placed in sterile containers at average temperature of 40°F. and various doses 
of chlorine added. Samples were secured after storage up to nine days. Re- 
sults showed no secondary increase of bacteria as indicated by total count and 
coli-aerogenes index. Same experiment performed at average temperature of 
75°F. gave secondary rise in all cases when chlorine residual was less than 0.10 
p.p.m. Data indicate that rate of bacterial destruction is a function of the 
time varying with the temperature and that it conforms in general to the laws 
of disinfection.—C. C. Ruchhoft (Courtesy Chem. Abst.). 


Observation Station for Finished Water Reservoir. Cart Lerpoitp. Water 
Works and Sewerage, 80: 7, 270, July 1933. Construction details are given of 
observation station which permits visitors to see into clear well.—C. C. 
Ruchhoft. 


Latest Procedures in the Use of Activated Carbon. Anon. Public Works, 
64: 6, 15-16, June 1933. Carbon applied in the coagulation process does not 
shorten filter runs. Small doses (2 p.p.m.) applied with coagulant stabilize 
the sludge, assist floc formation, and decrease dosages of coagulant and chlo- 
rine. In cases of severe tastes and odors, it is advantageous to seed filters and 
blanket sludge with heavy doses of carbon. It is common practice to feed 4 
pounds per million gallons of carbon continuously with coagulant. This in- 
creases period between basin cleanings and renders control of severe condi- 
tions, when they occur, much easier.—C. C. Ruchhoft (Courtesy Chem. Abst.). 


Operation of Columbus, O., Water Purification Plant. Anon. Public 
Works, 64: 7, 27, July 1933. Daily average of 29.6 m.g. were softened and fil- 
tered in 1932 with reduction of hardness from 262 to 85 p.p.m. Cost of lime, 
soda ash, alum, chlorine, and coke equalled $10.24 per m.g. Special equip- 
ment was installed to handle soda ash in carload lots. Hoppers which feed 
the dissolvers are fitted with weigh levers capable of feeding the material at 
any rate up to 2500 lbs. per hour.—C. C. Ruchhoft. 


St Paul’s Successful Water Works. Anon. Public Works, 64: 7, 25, July 
1933. This plant during 1932 furnished an average of 83.9 gallons per capita 
per day at cost of 95 cents per month for each domestic consumer. Average 
analysis for year indicates turbidity, 0; color, 12.1; iron, 0.04; permanent hard- 
ness, 25; temporary hardness, 140; and bacteria (37°C.) in plant effluent, 9 per 
ec.; in city taps, 347. Over 99.3 percent of population are connected to city 
plant and services are 99.5 percent metered.—C. C. Ruchhoft. 
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Bleaching Clays. Joun R. Bayxis. Water Works and Sewerage, 80: 8 
287-8, August 1933. Laboratory experiments with two brands of bleaching 
clay indicated no appreciable power for removing tastes and odors from 
samples of water used. When used in connection with aluminum sulfate, clay 
aided in formation of rapidly settling floc. The odor adsorption value of 
bleaching clay, as indicated by this experiment, is less than 2 percent of that 
of activated carbon.—C. C. Ruchhoft. 


Filter Operation in a Small Water Plant. M.B. Ditmore. Public Works, 
64: 8, 20, August 1933. Pressure filters without sedimentation tank caused 
trouble by passing alum into mains. This was eliminated by repiping for 
double filtration. Tastes and odors were overcome by filtering through 3 
inches of granular carbon placed on surface of an ordinary sand filter. Small 
feeder for powdered carbon was constructed from a water meter.—C. C, 
Ruchhoft. 


Modernization in Chlorine Handling. Cari Lerrpotp. Water Works and 
Sewerage, 80: 9, 322, September 1933. Dial scale with flush type platform, 
trucks for moving cylinders, and forced ventilation for chlorine room reduce 
accidents and property hazards to minimum.—C, C. Ruchhoft. 


Experiences in Sterilizing Water Mains. Cart Lerpotp. Water Works 
and Sewerage, 80: 9, 321, September 1933. In sterilizing new mains with cal- 
cium hypochlorite, it is essential to add water to the pipe so that the chemical 
will be distributed throughout its entire length. This may be accomplished 
by partially filling from end nearest to point of application and completing 
filling from farthest end. Contact period of at least two hours should be 
given and process controlled by frequent residual chlorine tests.—C. C. 
Ruchhoft. 


A Four Million Gallon Elevated Storage Project. ArrHur H. MILLER. 
Water Works and Sewerage, 80: 9, 311-16, September 1933. Water supply of 
Sheboygan, Wisc., is secured from Lake Michigan and supplied after treat- 
ment by system of direct pumping. With daily maximum consumption twice 
the daily average and five times the minimum, desirability of elevated storage 
was apparent. Choice was made of circular steel tank, 185 x 20 feet mounted 
on flat concrete slab which is supported by concrete piers and columns. The 
tank is covered by a brick envelope wall and the conical steel roof is supported 
by trusses and rafters. It is estimated that total savings of $4.00 per m.g. 
will be effected and, on basis of 1932 figures, yearly saving of $7200 will be 
realized.—C. C. Ruchhoft. 


Accounting for Anthracite’s Superiority to Sand asa Filter Medium. Homer 
G. Turner and G. 8. Scorr. Water Works and Sewerage, 80: 9, 330-1, 
September 1933. Laboratory experiments show porosity of coal near top of 
filter to be 13 to 15 percent greater than that of sand. This is explained by 
lower and variable specific gravity and angular shape of coal particles. These 
factors result in uniform distribution from top to bottom, greater surface 
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area per particle and a consequent increased length of filter runs and filtration 
efficiency.—C. C. Ruchhoft. 


High Daily Consumption of Inorganic Iodine through Dutch Tap Water. 
J. F. Reiruw. Biochem. Ztschrft., 263: 416, 395, August 1, 1933. For iodine 
determination, one-liter sample, made alkaline with potassium hydroxide, 
is evaporated to dryness and residue extracted, as usual, with alcohol. In 
residue from this extraction organically bound, alcohol-insoluble iodine is 
determined. Extract is acidified with phosphoric acid and ether-soluble, 
organically bound iodine extracted; then, by addition of excess hydrogen 
peroxide, inorganic iodide is separated; and finally, ether-insoluble organic 
iodine. By this method, 3 iodine-rich tap waters, namely of Barendrecht, 
Gouda, and Zutphen, were found to contain respectively, 57, 31, and 167 per 
liter of iodine in form of inorganic iodide. No visible harm has resulted: 
goiter has rarely been observed in children, or recruits, in these cities. Yet 
ingestion daily of 1} liters of even Zutphen water introduces more inorganic 
iodide into the system than would use of iodized salt (Vollsalz): so that objec- 
tion raised to latter, on score that inorganic iodide therein exceeds limit that 
can be safely tolerated, seems groundless.—Manz. Translated by Selma 
Gottlieb. 


Most Recent Experiences in Water Softening with Tri-sodium Phosphate 
According to the Budenheim Method. Der Papierfabrikant, 31: 10, 109, March 
1933. In this method, raw water is brought to from 70° to 100° in cascade pre- 
heater, for degasification and partial decomposition of bicarbonates: water 
from boiler (blow-down) is added and most of hardness is precipitated by caus- 
tic soda therein and sodium carbonate formed therefrom. Finally, water is 
softened practically to zero by addition of tri-sodium phosphate. Precipitate 
appears to be a tetra-calcium phosphate, which simultaneously removes sulfate 
and silicate as well as iron and oil. In practice, without addition of blow- 
down, 70 grams of crystallized tri-sodium phosphate were required per 17.8 
p.p.m. hardness per cubic meter; with addition of blow-down, only 16 grams 
were needed. When total hardness exceeds 350 p.p.m., preliminary softening 
with usual chemicals is economical, overtreatment being avoided.—Manz. 
Translated by Selma Gottlieb. 


Actually Free and Apparently Free Active Chlorine in Solutions and their 
Detection. Kart Bauer, Franz NoziczKa and Orro Srusper. Abhandlun- 
gen a. d. Gesamtgebiet d. Hygiene, 1 (1928). After chlorination, residual 
chlorine can often be detected by potassium iodide and sodium thiosulfate 
when none is found by WINKLER’s test with methyl red. Procedure was de- 
veloped by which, under uniform conditions, from 0.1 to 10 p.p.m. of free 
chlorine could be titrated with dilute methyl! orange solution after acidifying, 
results being read from curve, since relation is not entirely stoichiometric. 
Determinations with naphtho-flavone, ortho-tolidine, and benzidine give 
values comparable to those with thiosulfate. Disappearance of chlorine in- 
dicated by methyl orange is not corroborated by these methods. In very pure 
waters containing chloride, nitrate, and carbon dioxide, thiosulfate and 


8, - 
ing 
ay 
of 
lat 
ed 
for 
3 
all 
m, aa 
ice 
ks 
al- 
sal 
be 
of 
at 
ge 
he 
ed 
of 
by 
ce 


moval. 


of the Accuracy of Dilution Data Obtained by Using Several Dilutions. 
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methyl orange values are comparable, but in river water, large amountsof chlo- 
rine are so bound that they can no longer be detected with methyl orange, Of 
certain definite substances, acetic and lactic acids, formaldehyde, and dex. 
trose show no chlorine consumption; but each mole of ammonia so binds 3 
chlorine atoms that they can no longer be detected by methyl orange and only 
partially by thiosulfate. Aniline binds 7 chlorine atoms per mole; glycocoll, 
6; and phenol, a varying number, depending on chlorine concentration. It 
was found that bactericidal action was not regularly related to the apparently 
free chlorine, titratable by thiosulfate, but no longer detectable by methyl 
orange. Chlorine bound to ammonia, or to aniline, was almost as active as 
free chlorine; but chlorine bound to glycocoll was only feebly germicidal,— 
Manz. Translated by Selma Gottlieb. 


New Volumetric Method for Determination of Sulfate. V.R.DAmMERELL and 
H. H. Srrater. Ind. Eng. Chem., Anal. Ed., 6: 1, 19-21, 1934. Using mer- 
curie nitrate as outside indicator, sulfate solution is titrated with burium 
chloride until spot test develops desired yellow ‘‘turpeth’”’ color in given time, 
Stoichiometric and color end-points do not coincide, but adjustment can be 
made in standardization. Titration can be finished in 10 minutes.—Selma 
Gottlieb. 


Glass and Other Electrodes for Measuring pH Values of Very Dilute Buffers 
and of Distilled Water. Joun O. Burton, Harry MarTueson, and 8. F Acrep, 
Ind. Eng. Chem., Anal. Ed., 6: 79, 1934. Determinations of pH of very dilute 
buffers and of distilled water give comparable values using isohydric indica- 
tors, or glass electrode with potentiometer system described.—Selma Gottlieb. 


Colorimetric Determination of Fluorine. O. M. SmirH and Harris A. 
Dutcuer. Ind. Eng. Chem., Anal. Ed., 6: 61-2, 1934. Quinalizarin is pre- 
ferred to alizarin for use with zirconium nitrate in colorimetric determination 
of fluorides. Sulfates are removed from sample by barium chloride, and 
reagent added to filtrate. Influence of certain ions is discussed and direc- 
tions are given for distillation with perchloric acid. Data from 201 sets of 
parallel determinations indicate colorimetric method may give results about 
10 percent lower than when preliminary distillation is used.—Selma Gottlieb. 


Removal of Fluorides from Drinking Waters. C. S. Borurr. Ind. Eng. 
Chem., 26: 1, 69-71, 1934. By alum treatment, followed by sedimentation and 
filtration, 2 to 5 p.p.m. of fluoride present in water were reduced to 1 p.p.m. or 
less, dosages up to 10 grains of anhydrous aluminum sulfate per gallon being 
required for 5 p.p.m. of fluoride. Filtration through activated alumina gave 
satisfactory reduction. Alumina can be regenerated by sodium chloride solu- 
tion. Bauxite had similar action and excess-lime softening gave some re- 
Neither sodium aluminate, zeolite, silica gel, sodium silicate, nor 
ferric salt, was of practical value.—Selma Gottlieb. 


III. A Consideration 
H. O. 


Application of Statistics to Problems in Bacteriology. 
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Hatvorson and N. R. Zigauer. Jour. Bact., 26: 6, 559-67, 1933. Evidence 
is presented to indicate that when three effective dilutions are used to deter- 
mine bacterial population, accuracy is independent of number of organisms 
and dependent only on number of tubes per dilution. Simple method is given 
for evaluating accuracy of data when three dilutions are used.—Selma Gottlieb. 


Interchange of Bacteria between the Fresh Water and the Sea. Vicror 
Burke. Jour. Bact., 27: 2, 201-5, 1934. Bacterial counts of fresh and sea 
water are usually, but not always, reduced by plating on a medium heterol- 
ogous as regards salt. Decrease is due largely to failure to grow of more sensi- 
tive cells of many, if not of all, species, More resistant cells of many species 
grow. Author believes that interchange of bacterial species between sea and 
fresh water occurs.—Selma Gottlieb. 


The Failure of Bacterium Coli from Human Feces to Grow at 46° in the Eijk- 
man or the Bulir Tests. C. E. Skinner and J. W. Brown. Jour. Bact., 27: 
2, 191-200, 1934. Lactose broth at 37.5° detected far more B. coli than did 
above tests, especially if temperature was brought rapidly to 46° after inocula- 
tion. Authors believe that (1) conflicting results on E1sKMAN test are due to 
slow or rapid rise to 46°, former allowing adaptation of B. coli to higher tem- 
perature, (2) Butte test has some advantages over E1sKMAN test; but neither 
is reliable indicator of fecal pollution. Necessity of 48 hours incubation for 
both tests is confirmed.—Selma Gottlieb. 


Design of Large Pipe Lines. H.Scuorer. Trans. A. 8. C. E., 58: 101, 1933. 
Exact theory is presented for design of large pipe lines and their supports, 
which may also be used for design of horizontal tanks, under-water tubes sup- 
ported on piers, etc. Instead of saddles commonly used, pipe is supported 
and kept in shape by full ring girders which were first introduced in Sweden, 
Ring girders act as stiff, disk-shaped members, preventing large distortions 
over the supports and their transmission into pipe shell proper. Under these 
conditions, stresses can be analyzed by modern elastic theory of thin shells. 
It is found that shell is then mainly subject to direct beam and ring stresses. 
Narrow zone of secondary bending stresses occurs in shell portions adjacent 
to supporting rings, induced by restraining action. Pipe line so designed 
does not require any intermediate stiffening angles, even in case of compara- 
tively thin shells. Much larger spans than those permitted by customary 

_ saddle supports are entirely feasible, and considerable savings in steel and 
excavation may be realized with large factor of safety. Governing design 
_ stresses in shell are derived and, for completeness, stress analysis of a circular 
_ gupporting ring is also given.—H. E. Babbitt. 


Water Pressures on Dams During Earthquakes. H. M. WesTEeRGAARD. 
Trans, A. 8. C. E., 58: 418, 1933. Formulas are derived for changes of water 
pressure during earthquake for case of straight dam with vertical upstream 
- face. Vibrations of earthquake are assumed horizontal in direction per- 
_-pendicular to dam. The somewhat complicated formula obtained can be re- 
_ placed by simplified form. Results may also be stated as follows: Pressures 
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are the same as if a certain body of water were forced to move back and forth 
with dam while remainder of reservoir is left inactive. Influence of dynamic 
action of water is found to be neither excessively large, nor negligible.—H, R. 
Babintt. 


Determination of Principal Stresses in Buttresses and Gravity Dams. W. 
H. Hotmes. Trans. A. 8. C. E., 58: 970, 1933. Formulas are developed 
for the analytical determination of stresses at any point on a horizontal gee. 
tion through dam. Structures treated are divided into three groups: gravity 
dams straight in plan, gravity dams arched in plan, and buttresses of flat 
slabs, or multiple-arch dams having rectangular horizontal sections that taper 
with the height. Examples of several section types are given, which indicate 
fallacy of middle-third theory as safe criterion for dam design. In rectangular 
gravity dams, volume of material is twice that in triangular dams and up- 
stream half of dam has very limited resistance to uplift, while down-stream half 
has tension in second principal stress making former a less stable structure 
than latter. Many unreinforced buttresses are standing that are considered 
safe; but high tension exists in second principal stress, and provision should 
be made for this stress in design of this type. By making only a slight change 
in quantity of material (changing down-stream slope), considerable tension is 
eliminated.—H. E. Babbitt. 


Stability of Straight Concrete Dams. D. C. Heny. Proc. A. 8. C. E,, 
59: 7, 1071, September 1933. Necessity for abandoning middle-third theory 
and sliding factor as useful elements in masonry dam design is demonstrated. 
It is pointed out that safety of straight masonry dams is principally due to 
shear, and effect of loading on shearing strength is investigated. Résumé is 
given of available data on uplift pressure and estimates of effective uplift area 
and uplift force are presented. Stability of dams of ideal triangular cross- 
section is studied and shear safety factor is proposed for use in dam design. 
The Levy requirement is found to be excessive for dams less than 500 feet in 
height under most adverse conditions of uplift; more logical requirements 
fitting these conditions are suggested. Numerical examples are given of shear 
safety factors on basis of cross-sections of existing dams. It is shown that 
principles developed for straight concrete dams can be made equally applicable 
to other types of dams.—H. E. Babbitt. 


Water-Bearing Members of Articulated Buttress Dams. H. D. Birks. 
Proc. A. 8. C. E., 59: 7, 1133, September 1933. Method of determining, mathe- 
matically, most economical proportions for water-bearing members of articu- 
lated type of buttress dam. Equations developed are sufficient for precise 
determination of most economical proportions for decks and haunches. Most 
economical relation between span of deck and clear buttress spacing is shown 
to be independent of buttress spacing for a given height of dam. Quantities 
of concrete and steel in deck and haunches, as well as total cost of these mem- 
bers, are shown to be in direct proportion to square of buttress spacing. Ex- 
amples clearly indicate that for dams of great height, for which buttress spac- 
ing generally is large, savings effected by proportioning outlined are of major 
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economical importance. Results, as presented in final simplified equations 
and curves, may be easily applied to actual design problems, The flexible, 
articulated buttress dam is subject to an exact mathematical analysis of both 
economy and stresses, as there are no statically indeterminate elements intro- 
ducing mathematical and structural uncertainties.—H. E. Babbitt. 


Duration Curves. H. A. Foster. Proce. A. 8. C. E., 59: 8, 1223, October, 
1933. If values shown by frequency curve are added successively, the ‘‘cumu- 
lative frequency,’’ or duration, curve, is obtained. It may have two distinct 
uses: to determine probability of future events, or as convenient tool for 
study of data. In this paper it is applied principally to study of hydrographs 
and other stream-flow data. Effect of regulated flow and storage are shown by 
practical application.—H. E. Babbitt. 


A Hypochlorite Feeding Device. F. R. SHaw, R. W. Kouur, and E. T. 
Martuews. American Jour. Public Health, 23: 10, 1075, October, 1933. 
Hypochlorite solution siphoned from container is delivered through stop-cock, 
capillary tube, and chlorine-resisting hose to point of application. Wide 
range of flows may be established by using different sizes aud lengths of capil- 
lary tubing. In one form or another, device has been in use by Federal Govern- 
ment for more than two years. Four installations were recently made at In- 
dian Emergency Conservation Camps.—H. E. Babbitt. 


Value of Water in Southern California. F. Tuomas. Civil Engineering, 
3: 10, 555, October, 1933. Since founding of Los Angeles in 1781, water in 
Southern California has become increasingly valuable. Simple diversion from 
surface streams was soon superseded by wells drawing on ground water in 
artesian areas. When these wells ceased to flow, pumping from deep wells 
was resorted to, even for irrigation of alfalfa and citrus crops. Rapidly 
growing population of valley in which Los Angeles is largest city soon found 
it necessary to seek outside sources to supply increasing demand for water. 
First, melted snows from eastern slopes of Sierra Nevadas were conducted to 
Los Angeles by way of Owens River Aqueduct, completed in 1913. Now, 
by joint efforts of 13 cities in metropolitan district, construction has been 
started on 240-mile aqueduct to Colorado River. Cost of developing water 
has increased; but water is worth what it costs. As much as $50,000 per cubic 
foot per second has been expended in development.—H. E. Babbitt. 


The Hydraulic Jump in Standard Conduits. J. C. Srevens. Civil Engi- 
neering, 3: 10, 565, October, 1933. General formula for rectangular channels 
is extended to trapezoidal and curvilinear sections. Characteristics of jump 
in standard types of conduits follow logically from generalized treatment of 
simple form of usual formula and are obtained from momentum and energy 
equations which are exhaustively presented. In calculations for circular 
flumes, trapezoidal canals, or triangular channels, derivation of formulas is 
simplified to a marked extent. Formulas for height and energy loss are sup- 
ported by sample calculations and practical applications, accompanied by 
tables, which are of value to designers.—H. E. Babbitt. 
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re Evaluating Steel Storage Tanks. J. G. O’Brien. Civil Engineering, 3: 
10, 578, October, 1933. Curves are shown for tanks of various dimensions, 
any rath assessment purposes, based on data collected from actual contract prices,— 
E. Babbitt. 


Salt Water in Sea Coast and Island Wells. D. G. Tuompson. Civil En- 

- gineering, 3: 10, 579, October, 1933. Errors in a previous article are cor- 

rected and additional principles affecting the elevations of salt and fresh 

- waters in wells are advanced. Herzpera’s theory is cited for comparison 

observed conditions.—H. E. Babbitt. 

dive 

The Compensated Arch Dam. A. V. Karpov. Trans. A. 8. C. E., 59: 

- 1309, 1933. Theoretical analysis of arch dam which simplifies present-day 
_ design methods and brings to light proper relationship between profile of dam 
site and shape of dam. Conditions are investigated under which dam can be 
relieved of unnecessary stresses. Compensated dam that is introduced carries 
stresses due to dead weight and water load, but is relieved from stresses due 
to contraction or expansion of concrete and to deflections of foundations and 
abutments. Investigation indicates design that is believed to result in safer 
and more economical structures.—H. E. Babbitt. 

Gravel Packing of Wells. W. N. Remssura. The Illinois Well Driller, 

3: 5, 4 and 3: 6, 2, October, and November—December, 1933. Expounds prin- 
ciples of flow into well; design of well; selection of size of screen, inner casing, 
and outer casing; methods of well construction; methods of placing gravel 
packing; and principles upon which selection of gravel is based. Primarily, 
problem of securing greater quantity of water from given sand or gravel forma- 
tion is one of increasing what is frequently called the reception area and of 
reducing the resistance to flow through the openings of screen. Gravel pack- 
ing accomplishes both purposes and makes it possible to increase effective 
diameter of well without cost of constructing wells of extremely large diameter. 
Gravel packing is not a sure way of producing large volumes of water. It will, 
however, in all cases yield smaller drawdown for given pumping rate, besides 
reducing amount and effects of incrustation of screen and allowing of more 
rugged construction of screens.—H. E. Babbitt. 


Simple and Accurate Method of Measuring Yield of Wells. Anon. The 
Johnson National Drillers Journal, 5: 5, 4, October-November, 1933. Very 
convenient method of determining drawdown is by means of air line and pres- 
sure gage. Methods of determining discharge include weirs, flow meters, and 
circular orifices. Methods of setting and using are described.— 


H. E. Babbitt. 
de 


Formation of Floc by Ferric Coagulants. Ep. Bartow, A. P. Buack, and Ww. 
E. Sanspury. Proc. A. S.C. E., 59:10, 1529, December, 1933. Ferrous sulfate 
(oxidized by atmospheric air in presence of alkali), ferric chloride, chlorinated 
ug copperas, and ferric sulfate are used as coagulants in water purification. 
waters = of sulfate ion, ion, 
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ion, calcium ion, etc. Experimental determination of influence of these ions 
on formation of floe with ferric salts at different pH values shows following 
results: (1) on acid side, sulfate ion has much greater effect on coagulation 
than chloride ion; (2) increase from 25 to 250 p.p.m. in sulfate ion has but little 
effect; (3) between pH 6.5 and pH 8.5 lies zone in which ferric floc forms slowly 
or not at all; and (4) in and beyond this zone, sodium and calcium ions are most 
effective in coagulation. Assumption of change in sign of colloidal ferric 
floc, from positive, where it is more affected by sulfate or chloride ions, to nega- 
tive, will explain zone of no floc formation and more effective action of sodium 
and calcium ions beyond this zone. Quantity of residual iron in solution is 
roughly proportional to time required for floc to form.—H. E. Babbiit. 


Model of Calderwood Arch Dam. A. V. Karpov and R. L. Tempuin. 
Proc. A. S. C. E., 59: 10, 1565, December, 1933. Model of Calderwood Arch 
Dam on Little Tennessee River, south of Knoxville, Tenn., was built in Alu- 
minum Research Laboratories, in New Kensington, Pennsylvania. Article 
presents discussion of theoretical principles on which model study is based, 
of how these principles are incorporated in model, and of results of series of | 
tests on model in conjunction with those of some tests made on prototype. 
Extensive and important conclusions are drawn.—H. E. Babbitt. 

a 

The Answer to Water Hammer. W.S.L.Cieverpon. Domestic Engineer-— 
ing, 142: 4, 40, October, 1933. Account of tests, particularly related to 
plumbing, being conducted at New York University. Subject has been 
studied from viewpoints of causes, nature, and elimination. It is caused by | 
suddenly opening, or suddenly closing, a valve in line through which water 
may flow or is flowing, or by overheated water in a hot water system, due to_ 
water flashing into steam when pressure is reduced. Nature of water hammer 
is a series of pressure shocks of progressively diminishing intensity, but not _ 
all water hammers are quite alike. Methods of prevention must be adjusted — 
to cause of phenomenon; they include proper valve operation, use of air — 
chambers, ete.—H. E. Babbitt. 1 


The Neckar System of Locomotive Boiler Water Conditioning. Anon. 
The Locomotive, September 15, 1933, p. 280. The Neckar system is used only eS 
to remove sulphate hardness. Soda ash is added to water in locomotive-— i 4 
tender feed tank. Sludge remains in suspension until removed through con- 5m 

| 


Babbitt. 


The Isotopic Fractionation of Water. E. W. Wasupurn, E. R. Smita, M. 
FRANSDEN. Bureau of Standards Journal of Research, 11: 4, 453, October, 
1933. Description of formation and of characteristics of ‘‘heavy water.’’ 
When water is subjected to electrolysis, isotopic fractionation takes place, 
evolved hydrogen being richer in the H! isotope, and evolved oxygen, in the 
0" isotope, than is water from which they are evolved. If the gases resulting 
from the electrolysis of water are recombined, water produced has a lower 
density than that from which they are evolved. Residual water grows pro- 


tinuous sludge return device, which is cardinal feature of system.—H. £. 
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_ gressively more dense as electrolysis proceeds, owing to the increased con- 
centration of the H? isotope of hydrogen and also, to a less extent, to the 0 
_ isotope of oxygen. Curves illustrating efficiency of fractionation process are 
_ given. Substantially pure H*, pure H', and pure 0 can be obtained by this 
fractionation process. The heavy water” obtained by the process has 
higher freezing point, higher boiling point, and lower refractive index than 
Rae: _ normal water. Isotopic fractionation of water by distillation and by adsorp- 
tion has also been accomplished. A differential pyenometer method for meas- 
? -* uring specific gravity, accurate to one p.p.m., is described.—H. E. Babbitt. 


Steel Piping in Mining Districts. W. Diepericn. Engineering Progress, 
14: 10, 185, October, 1933. Difficulties encountered in construction of gas and 
water mains in mining districts are discussed and different procedures in 
Europe and America are pointed out. Methods for design of pipe lines to 
withstand internal and external loads are given, together and with discussion 
of factors of safety in design. Lead, welded, and relieved-welded joints are 
illustrated and use of lead-caulked, socket joint is shown to be the most re- 
liable for water pipe.—H. E. Babbitt. 


Problems of Water Treatment and Corrosion. F.E. Eckert. Ice and Re- 
 frigeration, 85: 5, 212, November, 1933. Corrosion can never be overcome; 
but it ean be held in check economically by selection of durable materials, by 
= proper installation and operation, and by treatment of the water. There 
are five different types of corrosive water: soft, pure water; soft water con- 
taining sodium bicarbonate; hard surface, or well, water; waters high in car- 
_ bon dioxide and in bicarbonates of caleium and magnesium; and water con- 
_ taining both temporary and permanent hardness. Methods of treatment 
_ include softening and aération. In hot and in cold water pipes, galvanized 
_ materials should always be used.—H. E. Babbitt. 


Compressed Air in a Water Softening Plant. R. E. Covenuan. Com- 
pressed Air Magazine, 38: 10, 4243, October, 1933. Raw Mississippi River 
water is clarified and softened for use in locomotives on Chicago and North 
_ Western Railroad at Clinton, Iowa. During process, water is agitated with 
compressed air at cost of about 1 cent per 15,000 gallons. Plant, which has 
daily capacity of 2,500,000 gallons, is described and illustrated.—H. EF. Babbitt. 


Reservoir at Hutchin. Anon. Concrete and Construction Engineering, 
28: 11, 658. Construction of a 640,000-gallon (Imperial), concrete reservoir 
is described.—H. E. Babbitt. 


Colorimetric and Gravimetric Procedures for the Determination of Arsenic, 
especially in Water and Sludge. Hermann Scuréper and WALTER Liar. 
Zeit. f. Untersuchung d. Lehensmittel, 65: 2, 168, February 1933. Apprehen- 
sion lest arsenic, either from arsenic-containing residues on a dump, or from 
sewage entering harbor basin, might pass into ground water in soluble form 
was shown to be groundless. Hamburg ground water and tap water contained 
from 10 to 20 y of arsenic per liter, and Elbe river water, tidal and non-tidal 
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alike, contained from 10 to 30 y of arsenic as a natural, insignificant constitu- 
ent. For determination of arsenic in water, the Gurzerr colorimetric method 
is used; to obtain readily comparable strips, colored only on one side, lower end 
of a paper tube soaked in mercuric bromide solution is tipped over a capillary 
tube. Both length and intensity of stain are considered in making compari- 
sons. If 1 to 2 liter samples are evaporated down with sulfuric acid alone, 
prohibitive foaming results. Samples must first be evaporated to dryness 
with nitric and sulfuric acids, residue freed from organic matter by repeated 
evaporation with acid, and nitrosylsulfuric acid formed removed by boiling 
with water. Since reduction of arsenic acid is slow, quinquevalent arsenic 
must first be reduced with hydrazine sulfate. Gravimetric method is prefer- 
able for determination of arsenic in filter sludge-—Manz. Translated by 


Selma Gottlieb. 


Preparation of Sanitary Drinking Water with ‘‘Carbosteril.’? M. JAmNIcKE. 
Ges.-Ing., 55: 49, 585, Dec. 1932. Easily portable dipping filter for prepara- 
tion of sanitary drinking water in small quantities consists of nickel plated 
brass funnel about 6 inches in diameter, over whose open end is stretched a 
filter cloth fastened with rubber ring, while rubber tube provided with glass 
stopper is attached to outlet end. A spoonful of the chlorine compound is 
added to about 2.5 gallons of water, the funnel is lowered into it and the rubber 
tube drawn out over wall of vessel after being allowed to fill with liquid. After 
15 minutes, a spoonful of powdered activated carbon is added and after further 
15 minutes, water is ready for siphoning off, the first turbid runnings being 
allowed to waste.—Manz. Translated by Selma Gottlieb. 


Economics of Corrective Treatment for Cold Water Corrosion. Epwarp 8. 
Hopkins. Ind. Eng. Chem., 26: 250-4, March, 1934. Hardness increase from 
lime treatment of Baltimore city water for corrosion prevention averaged 9 
p.p.m. for 1932. From data on increase in cost for industrial water softening, 
steam generation, and soap, and estimates on the more expensive alternative 
treatment with caustic soda or soda ash, lime treatment is considered economi- 
cally preferable and amply justified. Data and conclusions apply only to 
waters with total hardness not over 75 p.p.m.—Selma Gottlieb. 


Corrosion Inhibition by Lime Treatment. Sueprparp T. Powexu. Ind. 
Eng. Chem., 26: 254-5, March, 1934. Lime treatment causes soap waste to 
domestic users and losses due to scale formation, increased industrial soften- 
ing costs, and interference with certain commercial processes to industrial 
users. Relative disadvantages and advantages of lime treatment should be 
carefully analyzed.—Selma Gottlieb. 


Solid Matter in Boiler Water Foaming. II. Loss of Foam-Stabilizing Proper- 
ties at Higher Pressures. C. W. Foutk and 8. F. Warru. Ind. Eng. Chem., 
26: 263-7, March 1934. In experimental boiler containing slightly alkaline 
sodium chloride solutions, finely ground solids studied lost their foam-stabiliz- 
ing properties, as measured by priming, in a few minutes at pressures of 50 to 
150 pounds per square inch, rate of loss increasing with pressure. This loss is 
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believed due to progressive lessening of resistance to wetting by solid particles, 
Although in some cases it may be due to traces of oil in solids used, in others it 
is a natural property of the material. After solids have lost their foam-sta- 
_ bilizing properties, solutions containing them may prime less than solutions 
without solids, due to smoother boiling induced. Work of JoserxH and Han- 
cocK was confirmed with experimental conditions the same; but their conelu- 
sion that solids have no effect on priming is scarcely justified.—Selma Gottlieb. 
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The figure $18,000,000 on line 28, page 489, of the April JouRNAL is an error. 
It should read $18,000.—EbiTor. 
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